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INTRODUCTION. 

In  a  series  of  short  papers  appearing  at  irregular  intervals  since  1895,  the 
writer  has  attempted  to  present  some  of  the  more  important  facts  relating  to 
the  structure  and  occurrence  of  certain  of  the  American  Triassic  Ichthyo- 
sauria.  In  the  earlier  stages  of  this  work  the  known  material  was  scanty  and 
generally  fragmentary,  and  it  has  not  been  possible  in  every  case  satisfactorily 
to  determine  the  structure  or  the  exact  relationships  of  forms  described.  With 
a  great  increase  in  the  quantity  of  material  in  the  last  few  years,  it  seems 
advisable  to  bring  together  all  available  information  relating  to  the  American 
genera,  and  to  consider  this  body  of  fact  in  relation  to  what  is  known  of  the 
earliest  ichthyosaurs  of  other  regions,  as  also  in  relation  to  the  general  problem 
of  the  evolution  of  this  peculiar  reptilian  order. 

Some  of  the  questions  here  discussed  might  be  considered  to  better  advan- 
tage by  workers  more  intimately  acquainted  with  the  extensive  collections  of 
European  ichthyosaur  material.  The  writer  has,  however,  been  emboldened  to 
attempt  generalizations  bearing  on  the  work  of  other  investigators  in  this  field, 
after  consideration  of  the  fact  that  the  West- American  collections  at  the  pres- 
ent time  seem  to  represent  the  largest  part  of  the  known  Triassic  material,  and 
that  as  yet  no  other  investigator  has  examined  both  the  European  and  the 
American  collections. 

The  investigation  has  been  considerably  delayed  by  the  discovery  of  a  new 
group  of  marine  reptiles,  the  Thalattosauria,  which  it  was  necessary  to  under- 
stand before  the  true  ichthyosaurian  remains  could  be  satisfactorily  separated 
for  study.  Continued  discoveries  of  ichthyosaurian  material  have  also  made 
it  advisable  to  postpone  publication  until  the  new  specimens  could  be  examined. 
Even  in  its  present  stage  the  paper  here  presented  can  be  considered  as  no 
more  than  a  report  of  progress,  as  new  material  and  additional  information 
regarding  the  structure  and  affinities  of  the  Triassic  forms  are  constantly  being 
obtained. 

The  material  upon  which  the  studies  of  the  American  Triassic  ichthyosaurs 
are  based  includes  over  fifty  specimens,  each  of  which  represents  a  consider- 
able part  of  the  skeleton ;  also  a  large  quantity  of  more  fragmentary  material. 
These  collections  have  been  brought  together  by  ten  expeditions  sent  out  by 
the  University  of  California  between  1901  and  1907.  The  material  now  at 
hand  has  been  accumulated  and  made  available  for  scientific  study  largely 
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through  the  unflagging  interest  of  Miss  Annie  M.  Alexander,  who  has  fur- 
nished the  financial  support  for  nearly  all  of  the  expeditions,  and  has  most 
energetically  assisted  in  insuring  their  success.  The  largest  share  of  the  direc- 
tion of  field  work  has  been  carried  by  Mr.  E.  L.  Furlong,  who  has  also  prepared 
and  mounted  practically  all  of  the  specimens  represented  in  the  illustrations  of 
Californian  material  in  this  paper. 

In  the  initial  stages  of  the  work  the  writer  was  greatly  indebted  to  Presi- 
dent Benjamin  Ide  Wheeler  of  the  University  of  California,  through  whose 
support  it  was  made  possible  to  extend  the  scale  of  the  investigation  so  as  to 
cover  the  broader  field  of  the  evolution  of  the  Ichthyosauria  as  a  whole. 

In  the  field  work  carried  on  in  connection  with  the  investigation  of  the  oc- 
currence and  age  of  the  Triassic  ichthyosaurs,  the  writer  has  been  particularly 
indebted  to  Professor  James  Perrin  Smith,  whose  knowledge  of  the  inverte- 
brate faunas  has  furnished  a  most  valuable  basis  for  con-elation. 

While  working  on  the  Ichthyosauria  the  writer  has  on  several  occasions 
visited  nearly  all  of  the  American  museums  in  which  material  of  this  group  is 
available.  The  principal  collections  of  European  Jurassic  ichthyosaurs  have 
also  been  reviewed,  and  most  of  the  described  specimens  from  the  European 
Triassic  were  examined. 

In  the  course  of  this  investigation  the  writer  has  been  indebted  to  a  num- 
ber of  the  principal  museums  of  this  country  and  of  Europe  for  the  use  of  com- 
parative material.  For  courteous  co-operation  in  farthering  the  work  of  com- 
parison, the  writer  is  especially  grateful  to  Dr.  A.  Smith  Woodward  and  Dr.  C. 
W.  Andrews  of  the  British  Museum  of  Natural  History;  to  Professor  E.  Fraas 
of  the  Konigliches  Naturalien- Cabinet  in  Stuttgart ;  and  to  Dr.  F.  von  Huene 
and  Professor  E.  Koken  of  the  Geologisch-mineralogisches  Institut  in  Tubin- 
gen. The  use  of  several  valuable  specimens  in  the  museum  of  the  Polytechni- 
kum  at  Zurich,  was  kindly  permittedby  Professor  Albert  Heim;  Dr.  W.  J. 
Holland  kindly  allowed  the  use  of  a  photograph  of  the  remarkably  complete 
ichthyosaurian  specimen  in  the  collections  of  the  Carnegie  Museum.  In  work- 
ing over  the  subject  of  evolution  of  the  Ichthyosauria  as  a  whole,  the  use  of  the 
collections  of  Baptanodon  material  in  charge  of  Mr.  W.  H.  Reed  at  the  Uni- 
versity of  Wyoming,  and  of  the  types  described  by  Mr.  Gilmore  at  the  Carnegie 
Museum,  has  been  particularly  helpful. 

The  majority  of  the  drawings  represented  in  the  plates,  also  a  number  of  the 
text  figures,  were  prepared  by  Mrs.  Grace  Ballantine.  The  larger  portion  of  the 
text  figures  and  several  of  the  plates,  including  most  of  the  representations  of 
vertebrae,  were  drawn  by  Mr.  A.  J.  Heindl. 

JOHN  C.  MERRIAM. 
UNIVERSITY  OP  CALIFORNIA, 
FEBRUARY,  1908. 
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HISTORICAL  REVIEW  OF  LITERATURE. 

The  earliest  reported  discoveries  of  Triassic  iclithyosaurian  remains  were 
made  known  by  Herman  von  Meyer  and  by  G.  Curioni  in  1847.  The  material 
available  for  von  Meyer's  studies  consisted  of  a  few  teeth  and  vertebrae,  and 
an  imperfect  sketch  of  a  saurian  found  at  Reiflingen  in  Steyermark  in  1843  by 
Professor  Pranger.  Von  Meyer  knew  also  of  a  vertebra  from  Ettersberg  near 
Weimar.  These  specimens  were  mentioned  by  von  Meyer  principally  because 
of  their  occurrence  in  beds  considerably  older  than  those  in  which  the  typical 
ichthyosaurs  were  known.  Nothing  particularly  characteristic  was  noted  in 
their  structure,  and  the  Reiflingen  specimen  was  compared  with  Cuvier's  fig- 
ured specimens  described  as  Ichthyosaurus  platyodon. 

In  the  same  year  in  which  von  Meyer  announced  his  discovery  of  Triassic 
iclithyosaurian  remains,  G.  Curioni  gave  notice  of  the  occurrence  in  the  bitu- 
minous shales  of  Besano,  of  a  form  which  he  referred  to  Ichthyosaurus  coin- 
in  nn  is. 

In  1852  fragmentary  specimens  from  the  Wellendolomit  of  the  Black  For- 
est, including  a  vertebra,  some  paddle  bones,  and  a  jaw  fragment  with  teeth, 
were  described  under  the  name  of  Ichthyosaurus  atavus  by  Quenstedt. 

In  1855  von  Meyer  described  from  the  Muschelkalk  of  Ober-Schlesien  a 
vertebra  which  resembled  a  dorsal  of  an  ichthyosaurian.  In  connection  with 
the  description  of  this  specimen  reference  was  made  to  a  somewhat  similar  ver- 
tebra described  (Palaeontographica  Bd.  1,  p.  253,  Taf.  29,  fig.  55)  from  Larishof 
in  Ober-Schlesien.  This  vertebra  seemed  to  show  a  natural  perforation  of  the 
centrum.  Accompanying  it  there  is  figured  a  vertebra  with  a  central  perfora- 
tion of  the  centrum,  and  with  a  broad  unexcavated  margin  surrounding  the 
deeply  concave  middle  region  of  the  articular  face.  In  1856  von  Meyer  gave 
a  brief  description  of  two  vertebrae  from  the  Koessner  beds  of  Schleimser 
Joch  in  Achenthal  and  noted  their  resemblance  to  Ichthyosaurus  tenuirox- 
tris.  Up  to  this  time  no  evidence  had  been  obtained  which  tended  to  show 
that  the  Triassic  forms  were  materially  different  from  the  typical  Jurassic 
ichthyosaurs. 

In  1868,  and  before  the  true  nature  of  any  European  Triassic  ichthyo- 
saurian had  been  made  clear,  Leidy  described  the  first  known  specimens  from 
America.  Though  the  material  at  Leidy 's  command  was  very  fragmentary, 
the  distinguishing  characters  of  the  type  they  represent  could  have  been  made 
out  had  some  of  the  enveloping  limestone  been  removed.  The  characters  re- 
ferred to  in  the  original  description  were  principally  those  of  ordinal  value. 
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In  1 873  Hulke  described  the  first  ich thy osaurian  remains  known  from  Spitz- 
bergen,  referring  them  to  Ichthyosaurus,  of  which  two  species,  I.  polaris  and  7. 
nordenskioldti  were  described.  It  is  apparent  from  Hulke 's  description  that 
the  single-headed  character  of  the  ribs  in  the  dorsal  region  was  recognized,  but 
no  special  value  was  assigned  to  it.  The  same  material  was  worked  over  again 
by  Dames  in  1895,  and  assigned  to  the  genus  Mi-roMturtis.  Curiously  enough, 
Dames  failed  to  accept  the  statement  that  single-headed  ribs  of  this  character 
occurred  in  Shastasaurus,  and  assumed  that  the  ribs  must  be  double-headed  as 
in  Mixosa-urus,  of  which  he  appears  to  have  had  little  available  information. 

In  1873  Sauvage  described  from  the  Rhaetic  of  Saone-et-Loire  in  France  two 
types  of  vertebrae  designated  as  Ichthyosaurus  rheticns  and  7.  cnrinatus.  In 
1876  these  species  were  figured  and  more  fully  described  by  Sauvage,  there  be- 
ing, however,  only  fragmentary  material  available.  In  the  same  publication, 
Sauvage  described  under  the  name  Rachitrema  pellati  a  form  represented  by 
a  vertebral  arch,  a  scapula,  and  several  fragmentary  arch  and  limb  bones. 
R/icl/ih'riini  was  referred  by  Sauvage  to  the  Dinosauria,  but  was  later  referred 
to  the  Ichthyosauria. 

The  description  of  a  Triassic  ichthyosaurian  species,  Ichthyosaurus  cornal- 
ianus,  from  the  bituminous  shales  of  Besano  in  northern  Italy,  by  Bassani  in 
1886,  marked  the  beginning  of  the  first  studies  of  the  forms  in  which  sufficient 
material  was  available  for  satisfactory  investigation  of  the  skeletal  characters. 

In  1887,  shortly  after  the  description  of  the  Besano  specimen  by  Bassani, 
Baur  (1877,  1)  published  his  brief  but  important  note  on  the  structure  of  the 
limbs  of  the  Italian  specimens.  It  was  then  for  the  first  time  clearly  shown  that 
the  ichthyosaurian  limb  in  the  Triassic  stage  of  development  was  much  farther 
away  from  the  fish  type  than  were  the  limbs  of  the  succeeding  Jurassic  forms. 
The  form  of  the  limb  elements  was  somewhat  exaggerated  in  Baur's  figures, 
and  his  suggestion  concerning  the  origin  of  the  outer  element  in  the  mesopodial 
region  in  the  limb  of  Baptanodon  is  perhaps  overstated,  but  his  fundamental 
theory  was  correct.  Baur  set  aside  the  Triassic  ichthyosaurs  with  elongated 
epipodial  elements  separated  by  a  cleft  as  a  distinct  genus,  Mixosaurus,  and 
divided  the  Ichthyosauria  into  three  families;  the  MIXOSAURIDAE  with  elon- 
gated and  separated  epipodial  bones  and  differentiated  dentition ;  the  ICHTHY- 
OSATJRIDAE  with  short  epipodials  which  touch  each  other,  and  numerous  teeth  of 
nearly  uniform  shape ;  the  BAPTANODONTIDAK  with  three  epipodial  elements,  and 
no  teeth. 

In  1891  Fraas  described  and  figured  several  jaw  fragments,  a  humerus,  and 
a  number  of  vertebrae  from  the  Wellendolomit  of  South  Germany,  referring  all 
of  these  specimens  to  Mixosaurus  atavus  (Quenstedt).  Attention  was  called  to 
the  contrast  between  the  depressed  crowns  of  the  posterior  teeth  and  the  slen- 
der conical  crowns  of  those  farther  forward  in  the  jaw.  The  insertion  of  the 
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tcetli  was  also  found  to  differ  from  that  in  Ichthyosaurus,  inasmuch  as  the 
fangs  were  set  into  the  jaw  instead  of  vesting  in  an  open  groove.  The  sep- 
arate zygapophysial  facets  of  the  vertebrae  were  shown  to  be  placed  in  in- 
tersecting planes,  in  contrast  to  the  facets  in  Ichthyosaurus,  where  they  arc 
brought  into  the  same  plane  and  united  medially.  The  vertebral  centra  were 
found  to  be  deeply  biconcave,  and  to  be  perforated  by  the  chorda  dorsalis  in  the 
caudal  region.  The  specimens  referred  to  M.  at  a  v  us  were  divided  into  two 
varieties,  major  and  minor. 

In  1895  Merriam  described  the  genus  Shastasaurus  from  the  Upper  Triassic 
of  northern  California.  The  type  specimen  consisting  of  eight  connected  verte- 
brae, an  arch  bone  and  several  ribs  was  distinguished  from  other  genera  by  the 
thickened  neural  spines  of  the  vertebrae,  the  single-headed  dorsal  ribs  and  the 
peculiar  form  of  the  coracoid.  The  element  held  to  be  a  coracoid  by  the  writer, 
and  by  all  others  who  have  expressed  an  opinion  as  to  its  character,  was  found 
later  to  be  a  pubis  quite  different  from  any  known  ichthyosaurian  element. 
The  vertebrae  and  ribs  were  from  the  posterior  dorsal  region. 

In  1902  the  description  of  the  Calif ornian  Triassic  ichthyosaurs  was  contin- 
ued by  Merriam  with  better  material  available.  From  these  specimens  it  was 
possible  to  determine  the  principal  characters  of  the  skeleton,  excepting  the  an- 
terior portion  of  the  skull  and  the  phalangeal  region  of  the  paddles.  The  ma- 
terial was  also  found  to  represent  several  specific  forms,  one  of  which,  Shasta- 
saurus perrini,  was  later  removed  as  a  distinct  genus,  Delphinosaurus.  In  this 
publication  Leidy's  types  of  the  Middle  Triassic  ichthyosaurs  of  Nevada  were 
redescribed,  and  attention  was  called  to  their  similarity  to  the  shastasaurian 
forms.  A  collection  of  ichthyosaurian  material  obtained  from  the  Middle 
Triassic  of  Nevada  by  the  University  of  California  before  this  paper  ap- 
peared was  referred  to  as  apparently  representing  Cymbospondylus  petrinus 
of  Leidy.  This  material  was  stated  to  show  a  number  of  peculiar  characters 
not  recognized  in  specimens  previously  examined. 

In  November  1902  a  fully  illustrated  paper  by  Repossi  furnished  the  first 
definite  information  regarding  the  general  skeletal  structure  of  Mixosaurus. 
In  Repossi 's  figures  it  was  shown  that  Mixosaurus  possessed  many  primitive 
characters  that  had  not  been  recognized  before.  It  appeared  also  to  be 
much  more  closely  related  to  the  American  Triassic  forms  than  had  been  sup- 
posed. Also  in  1902,  there  appeared  Yakowlew's  publication  on  a  new  find  of 
ichthyosaurian  remains  from  Spitzbergen,  in  which  the  large  Spitzbergen 
form  (Ichthyosaurus  polaris  of  Hulke)  was  shown  to  have  single-headed  dorsal 
ribs,  and  was  referred  to  Shastasaurus. 

In  von  Huene's  valuable  work  on  the  Triassic  Reptilia,  issued  in  1902,  there 
was  given  a  brief  review  of  the  literature  on  the  Ichthyosauria.  Von  Huene 
also  presented  the  first  figures  of  the  interclavicle  of  a  Triassic  form,  showing 
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an  interesting  evolution  from  a  deltoid  Triassic  type  to  the  T-shaped  element 
of  the  Jurassic  ichthyosaurs.  New  material  from  the  vertebral  column  was 
also  described  and  figured. 

In  1903  new  material  from  California  made  possible  the  description  of  a 
complete  anterior  limb  of  an  American  Triassic  ichthyosaurian.  (Merriam, 
1903,  1).  In  this  genus  (Lcptocliet'ms  Merriam — Mcrriamia  Boulenger)  in- 
stead of  the  primitive  pentadactyl  structure  of  the  mixosaurian  limb  only  three 
complete  digits  were  represented.  In  another  form,  Toretocnemus,  the  hind 
limb  was  fully  as  large  as  the  anterior  one,  but  there  were  apparently  only 
three  digits  and  a  very  rudimentary  fourth  in  the  podial  region.  The  pelvis 
of  Toretocnemus  was  plate-like,  and  the  pubis  perforated  by  an  obturator  fora- 
men. The  middle  dorsal  vertebrae,  unlike  those  of  Shnstasaurus  and  Delplthi- 
oKiinrus,  supported  double-headed  ribs. 

The  first  description  of  other  than  fragmentary  remains  from  the  Middle 
Triassic  of  America  appeared  in  1895  in  the  discussion  of  a  finely  preserved 
pectoral  arch  with  the  propodial  and  epipodial  limb  segments  (Merriam, 
1905,  2).  The  shoulder  girdle  of  this  form  differed  from  that  of  any  other 
known  ichthyosaur,  and  the  limb  elements  appeared  to  be  the  most  primitive 
then  known  in  the  Ichthyosauria. 

GEOLOGIC  AND  GEOGRAPHIC  OCCURRENCE. 

The  geographic  range  of  the  Triassic  ichthyosaurs  is  remarkably  wide  al- 
most as  far  back  as  we  can  trace  the  group.  Even  from  the  Middle  Triassic, 
remains  are  known  from  both  Europe  and  western  North  America.  From  the 
Upper  Triassic  they  are  known  from  these  regions,  and  possibly  from  others 
also. 

Europe. — The  oldest  known  remains  of  Ichthyosauria  are  those  from  the 
lower  portion  of  the  Muschelkalk  of  Germany  and  Switzerland.  Fraas  (1891, 
p.  37)  states  that  the  localities  in  the  Swabian  Muschelkalk  at  which  specimens 
have  been  found  represent  a  very  constant  horizon  in  the  Wellendolomit.  Un- 
fortunately the  material  obtained  consists  only  of  isolated  vertebrae,  jaw  frag- 
ments, or  other  separated  parts  of  the  skeleton.  As  yet  no  complete  skeletons 
have  been  discovered. 

A  small  amount  of  material  from  the  lower  Muschelkalk  of  southwest  Ger- 
many and  northern  Switzerland  is  preserved  in  the  collections  of  the  Koenig- 
lichen  Naturalien-Cabinet,  and  in  that  of  the  Technische  Hochschule  in 
Stuttgart,  in  the  Geologisch-Mineralogisches  Institut  in  Tuebiiigen,  and  in  the 
Polytechnikum  in  Zurich.  A  few  specimens  of  ichthyosaurian  vertebrae  from 
the  lower  Muschelkalk  in  North  Germany  are  preserved  in  the  geological  Mu- 
seum of  Halle  a.  S.  Of  the  Swabian  localities  where  material  has  been  found  in 
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the  Wellenkalk  of  the  lower  Muschelkalk,  Fraas  has  mentioned  Rhordorf, 
Cuhv,  Aaeh,  and  Niederschach.  The  vertebrae  at  Zurich  came  from  the  Well- 
endolomit  of  Laufenberg  in  Canton  Aargau  and  from  Ohereggingen.  Mate- 
rial from  the  Wellenkalk  of  Qnerfurt  north  of  the  Ilarz  is  in  the  museum  at 
Halloa.  S. 

From  the  middle  of  Muschelkalk  of  Freyburg  a.  U.  ichthyosaur-like  verte- 
brae have  been  obtained. 

The  upper  Muschelkalk  of  Bayreuth  has  furnished  several  valuable  speci- 
mens, including  vertebrae  and  elements  from  both  pectoral  and  pelvic  arches. 
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Fig.  ].     Outline  map  of  the  world,  on  which  the  regions  where  Triassic  iehthyosaurian  remains  have 

been  found  are  marked  with  the  letter  T. 

Descriptions  of  some  of  these  specimens  will  probably  appear  in  the  near  fut- 
ure. Also  from  the  upper  Muschelkalk  are  several  vertebrae  of  ichthyosaur- 
ians  from  Grossreifling  in  Steiermark.  From  this  locality  there  was  also 
obtained  in  1843  a  very  large  skull  with  numerous  vertebrae  and  other  ele- 
ments of  the  skeleton.  This  specimen  was  destroyed  by  fire  in  the  museum  of 
Admont  in  1863.  No  careful  study  of  it  was  made  by  a  specialist  in  vertebrate 
palaeontology.  At  the  present  time  there  is  some  uncertainty  as  to  its  true  char- 
acter. H.  von  Myer  (1847,  pp.  190  and  191)  described  it  from  a  sketch,  and 
from  information  furnished  by  others,  and  compared  it  with  Ichthyosaurus 
]>l<itijodon.  A  copy  of  an  old  sketch  reproduced  by  von  Arthaber  (1896,  p.  14) 
does  not  show  any  characters  which  indicate  other  than  iehthyosaurian  affini- 
ties. Other  upper  Muschelkalk  remains,  now-  in  the  mineralogical  museum  of 
Jena,  are  known  from  beds  near  Weimar. 
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Not  until  the  Upper  Triassic  is  reached  in  Europe  do  we  find  ichthyosaurian 
remains  which  give  more  than  suggestions  as  to  the  true  nature  of  the  forms 
in  the  Triassic  which  they  represent.  The  most  abundant  and  important  Trias- 
sic ichthyosaur  material  known  in  Europe  is  that  from  the  bituminous  shales  of 
Besano  in  the  vicinity  of  lake  Lugano  in  northern  Italy.  This  horizon  has  been 
stated  to  be  the  equivalent  of  the  Raibl.'  The  Raibl  is  referred  to  the  Upper 
Trias,'  but  more  recent  investigations  have  seemed  to  show  that  this  horizon  may 
be  somewhat  older.  The  material  comprises  a  number  of  finely  preserved 
skeletons  exhibiting  practically  all  parts  of  the  skeletal  structure.  In  addition 
there  are  a  number  of  isolated  parts  of  skeletons  which  help  to  interpret  some 
of  the  larger  specimens.  On  this  material  Bassani  (1886)  based  Ichthyosau- 
rus cornalianus,  which  later  became  the  type  of  Baur's  (1887)  genus  Mi.ro- 
saurus. 

From  the  Rliaetic  portion  of  the  Upper  Trias  Sauvage  (1876)  has  described 
fragmentary  remains  apparently  representing  two  species  of  primitive  ichthyo- 
saurs,  Ichthyosaurus  rhacticus  and  /.  (  ?)  carinatiis.  Vertebrae  are  also  known 
from  the  Swabian  Bonebed  (von  Huene,  1902)  and  from  the  Koessner  bed  of 
Achnerthal  (von  Meyer,  1856).  FromRhaetic  beds  near  Bristol,  England,  a 
number  of  ichthyosaurian  remains  are  also  reported  (Phillips,  1871). 

Spitsbergen. — The  occurrence  of  ichthyosaurian  remains  in  the  Triassic 
Spitzbergen  was  made  known  by  Hulke  in  1873  in  a  short  paper  on  some  frag- 
mentary material  obtained  by  a  Nordenskiold  expedition  in  1864  and  1868. 
The  remains  were  referred  to  Ichthyosaurus  by  Hulke.  Later  observation  by 
Merriam  (1902)  and  Yakowlew  (1902)  have  shown  that  Hulke 's  specimens 
were  related  to  Shastasaurus.  Dames  (1895)  supposed  them  to  belong  in  Mi.ro- 
saurus,  but  was  unfortunately  not  well  acquainted  with  the  structure  of  that 
form,  and  also  misinterpreted  the  first  description  of  Shastasaiirtis.  The  orig- 
inal material  of  Hulke 's  species  was  lost  after  being  studied  by  Dames  in  1895. 

A  good  fragment  of  a  vertebra,  obtained  by  the  Russian- Swedish  expedition 
in  1899-1901,  was  described  by  Yakowlew  (1902)  and  referred  to  Shastasaurus. 

New  Zealand. — In  1874  Hector  described  from  New  Zealand  an  ichthyo- 
saurian vertebra  obtained  in  a  micaceous  sandstone  in  the  Rangitata  district 
of  the  province  of  Canterbury.  The  formation  in  which  it  occurred  was  said  to 
be  identical  with  other  strata  considered  to  be  Triassic. 

America. — The  occurrences  of  Triassic  ichthyosaurians  in  America  have 
thus  far  been  limited  to  exposures  of  the  marine  Trias  in  California  and  Ne- 
vada (fig.  2).  As  in  Europe,  remains  are  known  from  both  the  Upper  and 
Middle  Triassic,  the  oldest  known  specimens  coming  from  the  Middle  Trias. 
The  Upper,  Middle  and  Lower  Trias  are  all  three  represented  in  California  and 

i  Bassani,  F.,  Atti  Soc.  Ital.  Sc.  Nat.,  vol.  29.     Milano,  1886. 
-  See  table  on  p.  16. 
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probably  in  Nevada  also,  but  the  conditions  favoring  the  preservation  of  fos- 
sils are  not  similar  in  corresponding  horizons  of  the  two  regions.  For  this 
reason  it  has  chanced  that  ichthyosaurs  are  known  as  yet  only  from  the  middle 
division  of  the  Trias  in  Nevada  and  from  the  upper  division  in  California.  In 
the  fossiliferous  marine  Lower  Triassic  limestones  of  California  and  Idaho  no 
remains  of  reptiles  have  yet  been  obtained,  though  marine  fishes  are  common  in 
the  Lower  Triassic  of  Idaho. 

The  geological  correlation  of  the  marine  Triassic  of  the  Pacific  Coast  region 
of  America  has  been  made  the  subject  of  careful  investigation  by  Professor 


Fig.  '2.  Sketch  map  of  northern  California  and  northwestern  Nevada,  giving  occurrence  of  Triassic 
formations  in  which  ichthyosaurians  have  been  obtained;  VT,  Upper  Triassic;  MT,  Middle 
Triassic. 

James  Perrin  Smith,  from  whose  work  on  the  stratigraphy  of  the  West  Amer- 
ican marine  Trias:i  the  table  on  the  following  page  has  been  extracted. 

The  Upper  Triassic  beds  containing  ichthyosaurian  remains  in  California 
are  largely  exposed  in  Shasta  County  between  the  west  side  of  Pit  river  and 
Squaw  creek.4  Large  exposures  form  the  imposing  gray  cliffs  and  peaks  along 
the  top  of  the  prominent  series  of  points  known  as  Brock  mountain  (pi.  1,  fig. 
12).  The  outcrops  also  cross  Pit  river  to  the  south,  and  extend  to  the  north  in 
rather  narrow  exposures  beyond  the  headwaters  of  the  North  Pork  of  Squaw 
creek.  The  formation  consists  principally  of  the  phase  known  as  the  Hosselkus 
Limestone.  It  is  rather  sharply  divided  lithologically  into  an  upper  and  a 


•"•  Smith,  Jas.  Perrin,  Festschrift  zum  siebzigsten  Geburtstage  von  Adolf  v.  Koenen,  1907. 
*  Diller,  J.  S.,  U.  S.  Geol.  Surv.,  Bedding  folio. 
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INTERREGIONAL   CORRELATION    OF   THE   TRIAS    (ADAPTED  FROM  JAS.  PERRIN  SMITH) 


Mediterranean  region 

Arctic-Pacific  region 

American  region 

UPPER  TRIAS 

German 

Alpine 

California 

Nevada 

Idaho        Brit.  Col. 

Rhaet 

h 

5 

0. 

3 
M 

Noric  lime- 
stone of 
Hallstatt 

Pseudomono- 
tis ochotica 
in  the 
Crimea 

Pseudomonotis  ochotica 
slates  of  northern  Sibera, 
Japan  and  Indian  Ocean 

Pseudomonotis  subcircu- 
laris  slates  with 
Khabiloceras  and  Ralorites 

Pseudomonotis 

slates  with 
lihtibdoceras 
and  Placitcs 

Pseudo- 

IIKIIKI/iti 

slates 

Hosselkus  limestone 

Spirifertna  beds 

i 

• 

C 

laracteristic  fossils 

Sandling  beds 
with 
Tropites  subbullatus 

Juvarites  beds 

Daw  son  - 
ites 
beds 

Beds  with 
Tropites  subbulla/tix 

Dawsonites 
slates  of  Bear  Island 

Raibl  beds 
with 
Trachyceras  aonides 

Halobia  superba  beds 

Slates  with  Halobia 
conf.  rugosa 

Cassian  beds 
with 
Trachyceras  Aon 

oiar  i 
without  c 

Wengen  beds 
with 
Trachyceras  Archelaus 

Pit  Formation 

Slates  and  tuffs  without 
determinate  fossils 

HIIIIIK  lla 
beds 

MIDDLE  TRIAS 

||| 

°l 

Buchenstein  beds 
with 
Trachyceras  Reitsii 

Ceratite  slates  of  Japan 
with 
Anolcites  and  Danubites 

Daonella  limestones  in 
western  Humboldt  Range 

Daonella  diibiit 
beds  with 
Ceratites 
trinodosus 

Middle 
Muschelkalk 

Reifling 
limestone 

Limestones  of 
Han  Bulog, 
Bakony  and  the 
Schrey  Alps 
with  Ceratites 
trinodosus 

Beds  of  Ussuri  Bay  in  eastern 
Siberia  with 
Monophyllites  sichoticas 

Mengilaeh  beds? 

Daonella 
limestones  of 
Spitzbergen 

Clay-  and  silicious  slates 
with 
Anolcites  conf.  Whitneyi 
and  Ceratites 
conf.  humboldtensis 

Lower  Muschel- 
kalk with  Hunga- 
rites  Strombecki 

Ceratites  binodosus 
beds  in  the  South  Alps 

Posidonomya 
limestones  of 
Spitzbergen 

ta 

C 

0^ 

| 

«! 

Beds  at  Gulf  of  Ismid 
in  Asia  Minor 

Ceratite  limestones  of  Inyo  Range 

Black  limestones  with 
Parapopanoceras,  Xeno- 
discus,  Acrochordiceras, 
and  Hungarites 

|;  LOWER  TRIAS 

Buntsandstein 

1 

Werfen  beds 

Campil  beds 
with 
Tirolites  cassianus 

Olenek 

beds  of  northern 
Siberia 

Calcareous  slates 
without  fossils 

Colum- 
biles 
beds 

Proptychiles 
beds  of  Ussuri  Bay  in 
northern  Siberia 

Meekoceras  beds  of  Inyo 
County,  California  with 
Meekoceras  gracilitatis, 
Ussuria,  Pseudosageceras, 
Inyoites,  Owenites,  Nannites 

Tirolites 
beds 

Seis  beds  with 
Pseudomonotis 
Clarai 

Meeko- 
ceras 
beds 

MERRIAM:  TRIASS1C   ICHTHYOSAURI  A.  17 

lower  portion  (pi.  1,  figs.  2  and  3).  The  upper  part  consists  of  very  massive, 
gray  limestones.  The  lower  beds  are  (Composed  of  dark  gray  or  black,  some- 
what shaly  limestones,  and  bands  of  calcareous  black  shales.  Below  the  lower 
division  are  the  black  Pit  Shales  of  the  Middle  Trias. 

The  Hosselkns  Limestone  contains  in  its  fauna  a.  large  number  of  inverte- 
brate forms,  of  which  the  greater  number  of  the  species  are  Cephalopoda.  In 
addition  to  the  Ichthyosauria,  the  vertebrates  are  represented  by  the  thalatto- 
saurian  reptiles,  and  by  a  few  fishes.5  A  list  of  the  characteristic  species  would 
include  the  following : 

Tropites  s  nil  nil  at  us  Hauer.  Arc-estes  pacificus  Hyatt  and  Smith. 

Tropites  dilleri  Smith.  Cosmonautilus  dilleri  Hyatt  and  Smith. 

l)ix<-i>h-i>i>ilcn  s(ntdli)tgensis  Hauer.  Orthoceras  shastense  Hyatt  and  Smith. 

Sagenites  herbichi  Mojsisovics.  Halobia  superba  Mojsisovics. 
Juvavites  subintermittens  Hyatt  and  Smith.       Tcrebratula,  sp.  indet. 

I'olycycliis  Jiciiseli  Oppel.  Kltyiiclioiiclla,  sp.  indet. 

.(r/i<i<liltx  i/<ibbi  Hyatt  and  Smith.  Myophoria,  sp.  indet. 

Calif ornitcs  mcrriami  Hyatt  and  Smith.  Thalattosaurus  alexandrae  Merriam. 

Clionites  compressus  Hyatt  and  Smith.  Thalattosaurus  perrini  Merriam. 

Sandlingitcs  andersoni  Hyatt  and  Smith.  Nectosaurus  halius  Merriam. 

Sirenites  lawsoni  Hyatt  and  Smith.  Ilybodus  shastensis  Wemple. 

Trachyceras  lecontei  Hyatt  and  Smith.  Acrodus  wempliae  Jordan. 
Hauerites  asldeyi  Hyatt  and  Smith. 

Ichthyosaurian  remains  have  been  found  in  nearly  all  horizons  of  the  Hos- 
selkus  Limestone.  They  are  nowhere  very  abundant,  several  years  work  hav- 
ing brought  in  only  about  twenty  good  specimens.  They  are  most  numerous  in 
the  Tropites  subbullatiis,  and  Juvavites  horizons  near  the  top  of  the  lower  di- 
vision. In  the  lower,  more  shaly  beds  little  material  has  been  found,  but  the 
specimens  occurring  there  were  in  good  state  of  preservation  and  the  elements 
were  not  badly  scattered.  In  a  well-marked  bed  a  short  distance  below  the  top 
of  the  lower  division  many  loose  vertebrae  and  other  skeletal  elements  have 
been  found  associated  with  comminuted  shells,  evidently  representing  some- 
what shallower  water  than  the  rest  of  the  deposits.  In  the  massive,  gray  beds 
of  the  upper  Hosselkus  Limestone  the  remains  are  usually  fragmentary  and 
scattered.  Some  large  specimens  showing  connected  parts  of  skeletons  have, 
however,  been  found  there. 

As  yet  the  genera  Delpliinosaurus,  Toretocnemus  and  Merriamia  are  known 
only  from  the  beds  some  distance  below  the  top  of  the  lower  division,  Shasta- 
saurus  occurs  in  both  lower  and  upper  divisions,  but  is  represented  in  the 
upper  beds  principally  by  the  gigantic  S.  careyi. 


5  Merriam,  J.  C.,  The  Thalattosauria.     Mem.  Calif.  Acad.  Sci.,  vol.  5,  no.  1. 

Wemple,  Miss  E.  M.,  New  Cestraciont  Teeth  from  the  West-American  Trias.,  Univ.  Calif.  Publ.  Geol.,  vol.  5, 
no.  4. 

Jordan,  D.  S.,  The  Fossil  Fishes  of  California,  Univ.  Calif.  Publ.,  vol.  5,  no.  7. 
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In  the  Upper  Triassic  specimens,  excepting  in  a  very  few  instances,  the  lime- 
stone matrix  is  cemented  to  the  bones,  making  the  work  of  preparation  more 
than  ordinarily  difficult.  In  the  case  of  small  specimens,  etching  with  hydro- 
chloric acid  has  been  found  advantageous  ;  the  blue  tint  of  the  mineral  viviante 
appearing  in  the  bones,  making  their  outlines  comparatively  distinct. 

The  Middle  Triassic  ichthyosaurs  of  the  Pacific  Coast  region  have  thus  far 
been  known  only  from  the  limestones  of  the  West  Humboldt  and  New  Pass 
ranges  of  Western  and  Central  Nevada  (fig.  2).  Search  has  been  made  in  the 
Middle  Triassic  shales  of  California  but  without  any  definite  results. 

The  most  important  occurrences  are  those  in  the  exposures  along  the  east- 
ern side  of  the  West  Humboldt  Range.  Wherever  the  limestones  are  exposed 
bones  may  occur.  The  most  important  finds  have  been  made  at  Cottonwood, 
Buena  Vista,  Straight,  Indian,  American,  and  Fisher  caiions.  In  the  south 
fork  of  American  Canon  on  the  two  points  known  as  Saurian  Hill  and  Fossil 
Hill  (pi.  1,  fig.  1  )  skeletons  were  particularly  numerous  and  well  preserved. 

The  horizon  at  which  the  ichthyosaurs  of  the  West  Humboldt  Range  occur  is 
apparently  a  constant  one,  representing  the  middle  portion  of  the  Middle  Tri- 
assic. The  associated  invertebrate  fauna  as  described  by  James  Perrin  Smith 
includes  with  others  the  following  characteristic  forms  : 


Daonella  dubia  Gabb. 
OrtJioceras  dubium  Gabb. 
Atractites  conf.  crassirostris  Hauer. 
Ceratites  trinodosus  Mojsisovics. 
Anolcites  americanus  Mojsisovics. 
Acrochordiceras  hyatti  Meek. 
Gymnites  aff.  bosnensis  Hauer. 


Ptychites  meeki  Hyatt  and  Smith. 
Celtites  Italli  Mojsisovics. 
Monophyllites  billingsianus  Gabb. 
Sageceras  gabbi  Mojsisovics. 
Eutomoceras  dunni  Smith. 
Joannites  gabbi  Meek. 
Beyrichites  rotelliformis  Meek. 


This  fauna  is  that  of  the  characteristic  Ceratites  trinodosus  horizon,  and  G. 
trinodosus  is  a  common  species. 

In  addition  to  the  Ichthyosauria  there  have  been  found  in  these  beds  a  few 
fishes,  and  some  reptilian  forms  which  are  as  yet  only  imperfectly  known.  The 
following  are  the  described  forms."  • 


Acrodus  alexandrae  Wemple. 
Acrodus  oredontus  Wemple. 


Hybodus  nevadensis  Wemple. 
Omplialosaurus  nevadanus  Merriam. 


The  skeletons  are  in  general  better  preserved  in  the  Middle  Triassic  beds  of 
Nevada  than  in  the  later  limestones  of  northern  California,  and  are  more  easily 
freed  from  the  matrix.  The  limestone  is  often  slightly  shaly,  and  is  frequently 
separated  from  the  bone  by  a  thin  film  of  argillaceous  material  heavily  irnpreg- 

«  Wemple,  Miss  E.  M.,  New  Ce'straciont  Teeth  from  the  West-American  Trias.  Univ.  Calif.  Publ.  Geol.,  vol.  5, 
no.  4. 

Merriam,  J.  C.,  Preliminary  Note  on  a  New  Marine  Reptile  from  the  Middle  Triassic  of  Nevada  Univ 
Calif.  Publ.  Geol.,  vol.  5,  no.  5. 
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nated  with  iron  oxide.  In  a  few  localities  of  comparatively  small  area  the  ich- 
thyosanr  skeletons  are  very  numerous.  The  writer  is  not  aware  of  any  local- 
ity in  other  formations  at  which  remains  of  ichthyosaurs  are  more  abundant. 

At  American  Canon,  where  the  most  extensive  work  has  been  carried  on,  the 
beds  have  fortunately  been  repeated  twice  by  faults,  giving  a  large  exposure  of 
the  most  fossiliferous  strata.  In  this  region,  between  thirty  and  forty  good 
specimens  were  obtained  on  Saurian  Hill,  and  from  the  same  bed  repeated  on 
Fossil  Hill  farther  to  the  east. 

In  many  cases  there  seems  to  be  a  concretionary  formation  about  the  skele- 
tons. This  is  mostly  distinctly  shown  in  the  case  of  the  skull,  which  may  be  en- 
closed in  a  rounded  nodular  mass.  This  structure  is  noticeable  also  in  follow- 
ing the  vertebral  column,  the  layer  containing  the  vertebrae  often  pinching  out 
on  both  sides  of  the  skeleton.  Unfortunately  the  ends  of  the  limbs  seem  often 
to  have  extended  beyond  the  nodular  envelope,  and  are  not  to  be  found  in  the 
rock  immediately  outside  of  it. 

The  Triassic  beds  in  the  New  Pass  Range  are  of  nearly  the  same  age  as  those 
in  the  West  Humboldt  Range.  The  exosures  are  not  as  extensive  as  in  the 
West  Humboldt  Range  and  the  beds  are  hardly  as  rich  in  fossils. 

The  following  are,  according  to  Professor  Smith,  the  most  characteristic 
species  of  this  locality: 

Celtites  ncmnari  Mojsisovics.  Ceucoceras  bonae-vistae  Hyatt  and  Smith. 

Ceratites  (Paraceratites)  trinodosus  Mojsisovics.      Arcestcs  gabbi  Meek. 
Trachyceras  americanum  Meek.  Gymnotoceras  blakei  Gabb. 

In  the  New  Pass  Range  thirty  miles  west  of  Austin  and  three  miles  west 
of  the  New  Pass  mine  several  parts  of  ichthyosaurian  skeletons  were  obtained. 
The  first  specimen  of  a  Middle  Triassic  ichthyosaurian  to  be  described  from 
America  was  found  at  this  locality  (Leidy,  1868). 

The  Middle  Triassic  limestones  are  represented  at  other  points  in  Nevada, 
and  will  probably  be  found  to  have  ichthyosaurian  remains  more  or  less  abun- 
dantly represented  in  them  wherever  they  occur. 

Though  it  is  probable  that  the  Ichthyosauria  had  become  marine  forms  as 
early  as  Lower  Triassic  time,  no  one  has  yet  succeeded  in  obtaining  in  Amer- 
ica any  material  representing  the  group  from  beds  lower  than  the  middle  divi- 
sion of  the  Trias.  The  marine  Lower  Trias  of  eastern  California  and  partic- 
ularly of  southeastern  Idaho  is  very  rich  in  fossils,  including  cephalapods,  with 
which  ichthyosaurs  are  elsewhere  associated ;  but  as  yet  no  bones  have  been  ob- 
tained which  can  be  referred  to  reptilian  orders.  Bones  of  crossopterygian 
fishes  are  fairty  common  in  these  beds7  in  association  with  cephalapods. 

t  Goddard,  M.,  Fish  Eemains  from  the  Marine  Lower  Triassic  of  Aspen  Ridge,  Idaho.  Univ.  Calif.  Publ. 
Geol.,  vol.  5,  no.  8.  Also,  Evans,  H.  M.,  A  New  Cestraciont  Spine  from  the  Lower  Triassic  of  Idaho.  Univ. 
Calif.  Publ.  Geol.,  vol.  3,  no.  18. 
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The  distribution  of  the  Triassic  ichthyosaurs,  ranging  as  it  docs  from  Europe 
and  Spitzbergen  to  western  North  America  and  possibly  to  New  Zealand,  ap- 
parently indicates  that  these  forms  were  in  existence  as  a  marine  type  for  a  con- 
siderable period  even  antecedent  to  Middle  Triassic  time.  As  early  as  the  Mid- 
dle Triassic,  forms  showing  a  considerable  degree  of  specialization  were  present 
in  western  Europe  and  in  western  North  America.  Even  though  a  wide  range 
of  open  sea  between  these  two  provinces  be  presumed  to  have  existed,  such  a 
wide  distribution  as  is  seen  here  could  not  have  been  accomplished  in  less  than  a 
considerable  part  of  an  epoch. 

The  wide  distribution  of  the  Ichthyosauria  in  Middle  Triassic  time  with  the 
absence  of  any  known  remains  from  the  Lower  Triassic  makes  it  difficult  to  de- 
termine even  approximately  the  place  of  origin  of  the  group. 


GENERAL  SKELETAL  STRUCTURE  OF  THE  TRIASSIC 

ICHTHYOSAURS. 

Though  there  is  much  variation  in  the  structure  of  the  ichthyosaurians 
known  from  the  Triassic,  and  there  is  good  reason  for  considering  them  as  di- 
visible into  several  natural  subgroups,  it  is  also  true  that  they  are  evidently  a 
unit  or  a  distinct  group,  the  greater  part  of  the  evolution  or  differentiation  of 
which  from  the  primitive  type  has  taken  place  in  Triassic  time.  It  has  there- 
fore seemed  important  for  purposes  of  comparison  to  consider  the  general  struc- 
ture of  all  the  known  forms  together.  In  another  portion  of  this  paper  the 
characteristics  of  the  subgroups  are  discussed  separately. 

SKULL. 

In  all  Ichthyosauria,  whether  from  the  Triassic  or  from  later  periods,  there 
is  a  remarkable  similarity  of  general  characters  in  the  structure  of  the  skull. 
Though  considerable  differences  appear  in  a  comparison  of  all  the  known  forms, 
particularly  in  contrasting  the  oldest  genera  with  the  most  recent  ones,  these 
differences  consist  in  the  main  of  variations  in  the  proportions  of  parts,  and  al- 
most no  radical  changes  of  characters  such  as  may  occur  in  other  parts  of  the 
skeleton  are  found  here.  The  modifications  or  variations  which  present  them- ' 
selves  during  the  known  history  of  the  group  are  in  the  main  closely  related  to 
variations  in  the  length  of  the  elements  of  the  facial  region,  or  to  change  in  the 
size  of  the  orbits.  The  varying  characters  seem  to  be  almost  entirely  of  the 
adaptive  type,  and  indicate  a  close  relationship  between  the  evolutionary 
changes  in  the  group  and  the  greatest  needs  of  the  animal  under  the  particular 
conditions  obtaining  in  its  habitat. 

The  structure  of  the  skull  is  well  shown  in  the  Italian  mixosaurs,  but  as  yet 
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no  detailed  study  of  this  portion  of  the  skeleton  has  been  carried  out  in  these 
specimens,  and  only  the  most  general  observalions  can  be  made  on  the  figures 
available.  Of  the  other  material  obtained  in  Europe,  only  a  few  fragments  are 
known.  Of  the  American  Upper  Triassic  fauna  the  skulls  of  Shasta.^i  iinix, 
Merriamia  and  Delphinosaurus  are  known  in  part,  but  without  satisfactorily 
showing  the  features  which  ordinarily  give  most  definite  expression  to  varia- 
tion tendencies.  Of  the  American  Middle  Triassic  Cymbospondylus  practical- 
ly the  entire  skull  structure  is  well  shown  in  several  excellent  specimens  (pis.  2 
to  6).  As  Cymbospondylus  is  the  only  Triassic  genus  of  which  the  skull  is  well 
known,  its  description  is  made  the  basis  for  the  following  discussion  of  the  skull 
of  the  Triassic  Ichthyosauria  in  general. 

Although  it  represents  one  of  the  most  ancient  known  ichthyosaurs  and  is 
relatively  primitive  in  many  respects,  the  skull  of  Cymbospondylus  is  still  typ- 
ically ichthyosaurian.  While  its  structure,  like  that  of  the  limbs,  approximates 
that  of  shore  types  more  closely  than  do  the  corresponding  features  in  the  Ju- 
rassic ichthyosaurs,  it  is  as  a  whole,  surprisingly  specialized,  and  is  evidently 
the  product  of  an  ancestry  which  had  expressed  this  special  type  of  aquatic 
adaptation  for  a  long  period.  Like  the  typical  Jurassic  genera,  the  facial  region 
is  relatively  long  and  slender,  the  premaxillaries  and  nasals  are  very  largely 
developed,  the  frontals  are  small  or  are  largely  covered  by  the  nasals,  the  su- 
perior nares  occupy  a  nearly  median  position,  and  a  heavy  sclerotic  ring  is  pres- 
ent. On  the  other  hand  in  the  relatively  greater  size  of  the  maxillaries,  smaller 
orbits,  and  broader  temporal  bar,  the  skull  is  more  primitive  than  any  de- 
scribed form  from  a  later  period. 

The  skull  as  a  whole  is  relatively  short  compared  with  the  length  of  the 
trunk.  As  nearly  as  can  be  estimated  its  length  equals  little  more  than  one- 
third  that  of  the  dorsal  region.  The  skull  of  Mixosaurus  seems  to  be  relative- 
ly much  longer,  equalling  about  two-thirds  the  length  of  the  trunk,  while  in  Ich- 
thyosaurus its  relative  length  may  be  as  great  as  80  per  cent. 

Facial  Region. — The  antorbital  portion  of  the  skull  (fig.  3)  is  elongated  and 
narrow  as  in  the  typical  Ichthyosauria.  It  is,  however,  shorter  relative  to  the 
total  length  of  the  skull,  than  in  any  other  ichthyosaurian  known  to  the  writ- 
er, excepting  the  short-faced  Ichthyosaurus  brcviceps  from  the  Lower  Lias  of 
England.  In  Cymbospondylus  (no.  9950)  it  equals  about  60  per  cent,  of 
the  total  length  of  the  skull,  and  in  /.  brcviceps  55  per  cent.  At  the  same  time 
the  extent  of  the  maxillary  anterior  to  the  orbit  is  relatively  larger  than  in  any 
other  ichthyosaurian.  It  amounts  to  48  per  cent,  of  the  length  of  the  antorbital 
region  in  specimen  9950,  while  in  7.  breviceps  with  a  somewhat  shorter  ros- 
trum, in  which  one  would  expect  to  find  the  maxillary  relatively  long,  it  is  less 
than  40  per  cent.  In  Mixosaurus  the  length  relative  to  the  cranial  region  is  a 
little  less  than  in  Cymbospondylus. 
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The  premaxillaries  are  greatly  elongated,  extending  more  than  half  the  total 
length  of  the  skull.  For  a  little  more  than  half  of  their  length  measured  back 
from  the  anterior  end  of  the  rostrum  they  are  united  dorsally.  Behind  the 
region  of  contact  with  each  other  they  are  separated  by  the  nasals. 


Figs.  3  and  4.  Cymbospondylns  petrinus  Leidy.  Skull  X  %.  Fig.  3,  side  view;  fig.  4,  superior  view. 
Pm,  premaxillary ;  M,  maxillary;  N,  nasal;  L,  lachrymal;  J,  jugal;  Or,  orbit;  F,  frontal;  Pf, 
pre-  and  post-frontal;  Pto,  postorbital;  Pr,  parietal;  Pn,  pineal  foramen;  Sq,  squamosal;  St, 
supratemporal ;  Q,  quadrate;  Qj,  quadratojugal;  Q.f.,  quadrate  foramen;  Pt,  pterygoid;  So, 
supraoccipital ;  Bo,  basioccipital ;  Ar,  articular;  An,  angular;  Sa,  surangular;  Cn,  coronoid;  Sp, 
splenial;  D,  dentary. 

The  maxillaries  are  longer  than  in  any  other  described  ichthyosaurian,  both 
in  relation  to  the  length  of  the  rostral  region  and  to  that  of  the  cranium ;  and 
almost,  if  not  quite,  half  of  the  dentigerous  margin  of  the  upper  jaw  is  situated 
on  these  elements.  In  Mixosaurus  the  length  of  the  maxillaries  is  also  rela- 
tively great. 

The  superior  nares  are  situated  much  as  in  Ichthyosaurus,  though  appar- 
ently occupying  a  slightly  more  advanced  position  than  in  most  forms. 
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The  iiasuJtt  (fig.  4)  are  large  and  extend  hack  over  the  frontals  as  in  other 
Ichthyosanria.  They  are  relatively  very  widely  expanded,  much  as  in  Ichthyo- 
Mt/triiN  and  B<t/>t<i>io<l<»/.  Xo  comparison  with  Mixo*<u<niK  has  been  made,  as 
the  writer  has  not  been  able  to  make  certain  of  the  form  of  this  element  in  that 
genus.  From  Repossi's  figures  of  the  skull  (Repossi,  1902,  tav.  9,  fig.  1)  one 
suspects  that  the  nasals  are  very  large. 


Sp 


Fig.  5.  Opthalmosaurus  icenicus  Seeley.  Skull.  (Adapted  from  0.  W.  Andrews.)  About  %  natural 
size.  Pm,  premaxillary ;  M,  maxillary;  N,  nasal;  L,  lachrymal;  J,  jugal;  Pf,  pref rental;  Ptf, 
postf rental;  Pto,  postorbital;  Pr,  parietal;  Sq,  squamosal;  St,  supratemporal ;  Qj,  quadratoju- 
gal;  Q,  quadrate;  S,  stapes;  Bo,  basioceipital ;  Ar,  articular;  Sa,  surangular;  An,  angular;  Sp, 
splenial;  V,  dentary. 

Fronto-Parietcil  Region. — As  in  Ichthyosaurus  the  anterior  portion  of  the 
cranial  region  is  covered  by  the  expanded  nasals.  A  little  more  of  the  frontal 
element  seems  to  be  exposed  than  often  occurs  in  Ichthyosaurus.  The  large 
pineal  foramen  is  surrounded  mainly  by  the  parietals,  instead  of  wholly  or  to 
a  large  extent  by  the  frontals  as  in  Ichthyosaurus. 

Orbital  Region. — One  of  the  most  striking  features  of  the  skull  in  Cymbos- 
pondylns  is  the  relatively  small  size  of  the  orbit,  compared  with  the  orbital  re- 
gion of  most  species  of  Ichthyosaurus,  or  more  particularly  with  Opthalmosau- 
rus (fig.  5).  Even  in  specimens  crushed  laterally  so  that  the  height  of  the  orbit 
would  tend  to  be  increased,  the  relative  size  is  practically  the  same  as  in  the 
figure  above  (fig.  3).  (See  also  pi.  6.)  In  Baptanodon  as  figured  by  Gilmore8 
the  length  of  the  orbit  is  only  a  little  less  than  one-fourth  that  of  the  whole  skull, 
including  the  much  elongated  snout.  In  Gymbospondylus  it  is  about  one-sixth 
the  length,  in  spite  of  the  fact  that  the  rostral  region  is  relatively  short.  The 
relative  size  of  the  orbit  is  particularly  noticeable  in  comparison  with  the  an- 
teroposterior  diameter  of  the  temporal  bar  immediately  behind  it.  The  antero- 
posterior  diameter  of  the  temporal  bar  equals  about  38  per  cent,  of  the  antero- 
posterior  diameter  of  the  orbit  in  Cymbospondylus  (no.  9950)  ;  in  Baptanodon 
it  appears  to  be  less  than  25  per  cent.  Of  the  undistorted  Ichthyosaurus  skulls 
of  which  the  writer  is  able  to  obtain  any  information,  the  forms  which  most 
nearly  approach  Cymbospondylus  in  these  characters  are  /.  platyodon  and  I. 
lonchiodon  of  the  English  Lower  Lias. 

8  Gilmore,  C.  W.,  Mem.  Carneg.  Mus.,  vol.  2,  pi.  7. 
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In  Mixosaurus  and  Shastasaurus  the  orbits  are  relatively  large,  though  per- 
haps somewhat  smaller  than  in  Ichthyosaurus. 

The  sclerotic  ring  of  Cymbospondylus  (pi.  5,  fig.  2)  has  much  the  same  struc- 
ture as  in  Ichthyosaurus  and  Baptanodon.  The  number  of  plates  is  about  six- 
teen to  eighteen.  In  Ichthyosaurus  the  number  ranges  from  fifteen  to  twenty. 
Gilmore  finds  but  fourteen  plates  in  Baptanodon,  and  the  same  number  is  given 
for  O  ptlialmosaurus  by  Andrews.  The  inner  or  median  ends  of  the  plates  bend 
quite  sharply  over  the  equatorial  region  of  the  eyeball  and  extend  for  some  dis- 
tance over  the  inner  side  of  the  eye.  The  lateral  flattening  of  the  eyeball  shown 
by  the  sharp  curvature  of  the  plates  on  the  equator  of  the  eye  has  been  noted  also 
for  Ichthyosaurus  by  Owen9  and  recently  on  Baptanodon  by  Gilmore.10  The 
relative  size  of  the  sclerotic  ring  agrees  with  that  of  the  orbit  in  being  smaller 
than  in  any  of  the  later  ichthyosaurs.  The  ring  in  Ichthyosaurus  platyodon  and 
iu  the  short-headed  /.  breviceps  is  nearly  half  again  as  large  as  in  Cymbospon- 
dylus. 

Temporal  Region. — The  lateral  temporal  bar  of  Cymbospondylus  is  charac- 
terized by  uncommon  length  anteroposteriorly.  Its  height  is  somewhat  less  than 
in  most  ichthyosaurs.  Relative  to  the  length  of  the  cranial  region  it  is  much 
less  elevated  than  in  Baptanodon.  Behind  the  jugal  the  inferior  side  of  the 
temporal  bar  is  sharply  cut  out  so  as  to  form  with  the  slightly  concave  coro- 
noid  region  of  the  mandible  an  elliptical  opening  with  its  long  diameter  ex- 
tended anteroposteriorly.  According  to  the  suggestion  of  McGregor11  the  tem- 
poral bar  originally  contained  a  lateral  temporal  opening,  which  was  closed 
through  gradual  anteroposterior  compression  of  the  bar  owing  to  the  enlarge- 
ment of  the  orbit.  In  Cymbospondylus  the  bar  shows  fully  as  much  area  on  the 
side  of  the  skull  as  in  many  reptilian  forms  possessing  a  lateral  temporal  f en- 
estra.  As  the  quadratojugal  passes  above  the  inferior  notch  in  the  bar,  it  is 
improbable  that  this  opening  corresponds  to  a  lateral  temporal  fenestra  which 
was  being  lost  in  Cymbospondylus  through  breaking  down  of  an  inferior  tem- 
poral arcade.  Though  there  is  no  doubt  that  the  temporal  bar  has  been  pro- 
gressively reduced,  it  seems  very  doubtful  whether  it  ever  enclosed  a  lower  or 
lateral  temporal  fenestra. 

Occipital  Region. — The  occipital  region  of  Cymbospondylus  (fig.  6)  seems  to 
be  well  enclosed  with  bone  and  the  posterior  temporal  openings  are  small.  The 
basioccipital  differs  from  that  of  other  ichthyosaurians  in  presenting  a  strongly 
concave  articular  face  for  contact  with  the  convex  anterior  face  of  the  atlas. 
The  inferior  side  of  the  basioccipital  is  characterized  by  the  development  of 
prominent  hypapophyses  similar  to  those  of  Sphenodon.  The  form  of  the  lat- 


»  Owen,  E.,  Fossil  Rept.  Lias  Form.,  pt.  3  (Monog.  Pal.  Soe.,  Lond.,  1881),  p.  103. 

10  Gilmore,  C.  W.,  Mem.  Carneg.  Mus.,  vol.  2,  p.  328. 

11  McGregor,  J.  H.,  Mem.  Amer.  Mus.  Nat.  Hist.,  vol.  9,  p.  91. 
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eral  occipitals  is  not  well  known,  but  they  seem  to  be  perforated  by  large  lateral 
foramina.     The  supraoccipital   extends  forward  a  considerable  distance  to 

form  ;i  part  of  1  lie  Moor  of  a  deep  fossa 
between  the  posterior  arms  of  the  pa- 
rietals.  The  form  of  the  opisthotic 
and  prootic  are  not  certainly  known. 
The  stapes  is  not  certainly  recognized. 
If  represented  by  an  element  which 
lies  between  the  otic  region  and  the 
quadrate  (fig.  6,  x)  it  is  much  smaller 
pig.  <;.  cymbosponw™  petrinus  Leidy.  skuii,  poste-  and  more  slender  than  in  the  later 

rior  view,    X  %.     Pr,  parietal;   Sq,   squamosal;    St,       icllthyOSaUl'S.       It   may   also   be    noted 
Hiipratemporal;  W,  quadrate  jugal  ;  Q,  quadrate  ;  Q.f, 

quadrate    foramen  ;    So,    supraoccipital  ;    Lo,    lateral 

o,.,.i,,itai;  BO,  basioccipitai;  s,  basisphenoid;  x, 

stapes?;  Pt,  pterygoid;   Ar,  articular;   Sa,  surangu- 
lar;  An,  angular;  Cn,  coronoid;  Sp,  splenial. 


that    BO     distinct    pit    for    the 

"On  of  the  distal  end  of  the  stapes  is 

visible  On  the  inner  side  of  the 


Quadrate  and  Suspensorium.  —  The  quadrate  is  large  and  heavy  and  seems 
to  be  closely  and  broadly  united  with  the  adjoining  elements,  making  the  pos- 
terior angles  of  the  skull  particularly  firm.  The  anterior  side  of  the  quadrate 
overlapping  the  pterygoid  extends  forward  as  a  broad  plate  resembling  that  seen 
in  the  Rhynchocephalia.  The  face  articulating  with  the  mandible  is  crossed 
obliquely  by  a  marked  depression  situated  between  two  strongly  convex  faces. 
This  form  of  the  articular  face  on  the  quadrate  has  recently  been  noted  also  in 
Ichthyosaurus  platydactylus  by  Broili,12  and  is  suggested  in  Sphenodon. 

The  large  quadrate  foramina  perforating  the  posterior  angles  of  the  skull 


Fig.  7.  Cymbospondyhis  petrinus  Leidy.  Skull,  inferior  view,  X  %.  D,  dentary;  Sp,  splenial;  Sa, 
surangular;  An,  angular;  Or,  orbit;  /,  jugal;  Qj,  quadratojugal;  Q,  quadrate;  So,  basioccip- 
itai; Bs,  basisphenoid;  Pt,  pterygoid;  X,  ectopterygoid ? ;  E,  hyoid;  PI,  palatine;  V,  prevomer? 


•12  Broili,  ¥.,  Paleontg.,  Bd.  54,  p.  140. 


20 


.MK.MOIRS  OF  THE  UNIVERSITY  OP  CALIFORNIA. 


are  situated  much  as  in  the  later  ichthyosaurs.  The  quadratojugal  forming  the 
outer  boundary  of  the  quadrate  foramen  is  overlapped  superiorly  by  the  supra  - 
temporal.  The  inferior  border  of  the  quadratojugal  extends  forward  and  above 
the  inferior  temporal  notch  to  meet  the  jugal. 

Palatine  Region. — The  palate  of  Cyntbospoiidylus  (fig.  7)  closely  resembles 
that  of  Ichthyosaurus  in  most  details  of  its  structure.  The  roof  of  the  mouth  is 
largely  covered  by  the  expanded  palatines  and  pterygoids,  the  median  margins 
of  the  pterygoids  approaching  each  other  closely  for  a  considerable  distance 
back  toward  the  basisphenoid.  The  pterygoids  are  characterized  by  promi- 
nent posterior  projections  of  the  median  edges,  which  extend  some  distance  back 
of  the  basioccipital.  In  specimen  9950  the  posterior  portion  of  the  lateral  wing 
on  each  of  the  pterygoids  is  separated  from  the  main  body  of  the  bone  in  such 
a  manner  as  to  suggest  that  it  represents  a  distinct  element  (fig.  7,  x).  If 
there  is  a  separate  bone  here  it  is  evidently  a  discrete  ectopterygoid  which  has 
united  with  the  pterygoid  in  all  later  forms. 


Sp 


Fig.  8.     Merriami  zitteli  (Merriam).     Skull,  lateral  view,  X  %„.     An,  angular;  Sa,  surangular;  Sp, 
splenial;  D,  dentary;  MX,  maxillary;  L,  lachrymal;  J,  jugal;  Pto,  postorbital;  S,  sclerotic  ring. 

Mandible. — The  lower  jaw  of  Gymbospondylus  is  formed  much  as  in  the 
later  ichthyosaurian  genera,  the  relations  of  the  several  elements  as  they  ap- 
pear on  the  outer  side  of  the  rami  being  much  as  in  Ichthyosaurus.  In  the 
genus  Merriamia  (fig.  8)  possibly  also  in  Mixosaiirus,  the  surangular  is  rela- 
tively large  and  forms  the  principal  part  of  the  outer  side  of  the  posterior 
half  of  the  jaw.  In  Cymbospondylus  it  forms  the  anterior  side  of  the  cotylus 
for  the  quadrate,  and  is  thickened  transversely  anterior  to  the  cup.  As  in  the 
other  ichthyosaurian  genera  there  is  no  coronoid  elevation,  but  the  surangular 
presents  a  broad  flat  superior  surface  in  the  region  of  the  coronoid.  Below  the 
coronoid  margin  there  is,  as  in  Baptanodon,  a  relatively  small  lamellar  bone 
extending  back  almost  to  the  posterior  extremity  of  the  inner  side  of  the  jaw 
(fig.  9),  and  representing  the  coronoid  or  the  prearticular.  The  articular  ex- 
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Fig.  9.     Cymbospondyhis  petrinus  Leidy.     Inner  side,  posterior  end  of  left  ramus  of  mandible,  X  %. 
Ar,  articular;   Cn,  coronoid;  An,  angular;  Sa,  surangular;  H,  hyoid;   Q,  quadrate. 

tends  from  the  eotylus  to  the  posterior  end  of  the  mandible.  It  is  much  thick- 
ened immediately  behind  the  eotylus,  and  is  thickened  also  at  the  posterior  end. 
Between  these  regions  the  upper  surface  is  strongly  hollowed. 

DENTITION. 

In  the  specimens  of  Cymbospondylus  that  have  been  examined  thus  far  the 
dentition  has  not  been  materially  different  from  that  of  Ichthyosaurus  except- 
ing in  the  insertion  of  the  teeth  (figs.  10  to  12).  The  numerous  teeth  are  all 


10 


-Sp 


12 
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Fig.  10.     Cymbospondyhu  petrinus  Leidy.    Horizontal  cross-section  of  dentary  about  5  mm.  below 

upper  margin,  showing  teeth  set  in  completely  surrounded  bone  sockets,  X  Ms- 
Figs.   11  and  12.     Cymbospondylus  petrinus  Leidy.     Fig.  11,  transverse  cross-section  of  lower  jaw 
showing  teeth  set  in  sockets  in  the  dentary.     Superior  margin  cut  down  several  millimeters.     T, 
tooth ;  D,  dentary ;  Sp,  splenial,  X  % ;  fig.  12,  anteroposterior  cross-section  of  the  base  of  a  tooth 
set  in  the  dentary,  X  %. 

simple  conical,  and  are,  in  some  cases  at  least,  set  in  distinct  pits.  The 
base  of  the  dentine  cone  is  strongly  folded  (fig.  10),  and  there  does  not 
appear  to  be  any  considerable  amount  of  cement  covering  it.  As  nearly  as 
can  be  determined  there  were  thirty  to  thirty-five,  or  more,  teeth  in  each  ramus 
of  the  jaws.  Between  the  anterior  and  posterior  ends  of  the  jaws  there  is  a 
slight  difference  in  form,  the  posterior  teeth  being  somewhat  shorter  and  heav- 
ier (fig.  3).  This  is  also  true  of  the  genus  Merriamia  (fig.  8),  of  which  the 
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dentition  of  the  posterior  half  of  the  jaws  is  known.  In  Mcn-itnnia  and  in 
Sli(ixl<in(iun<n  the  teeth,  as  far  as  known,  are  set  in  open  grooves.  Imperfect 
alveoli  may,  however,  have  been  present  in  some  of  the  regions  of  the  jaw  which 
have  not  yet  been  examined. 

The  characters  seen  in  the  American  Triassic  forms  are  in  strong  contrast 
to  the  nature  of  the  dentition  of  MixowiHni*  (figs.  13  and  14),  in  which  the 
teeth  show  marked  differentiation  and  are  set  in  rather  widely  spaced  distinct 
pits. 


Fig.  13.     Mixosaurus  cornalianus    (Bassani).     Up;>er  jaw  :in<l  dentition,    natural    size.        (Adapted 
from  Repossi.) 


Fig.  14.     Mixosaurus  cornalianus    (Bassani).     Lo'.ver  jaw  and  dentition,    natural    size.      (Adapted 
from   Repossi.) 

As  has  been  shown  by  Fraas  (1891,  p.  38)  the  dentition  of  Mixosaurus  (  ?) 
atavus  (figs.  15  and  16)  is  characterized  by  extreme  differentiation  of  the  teeth, 
by  their  firm  insertion  in  slightly  separated  alveoli,  by  the  coarse  folds  of  the 
basal  portion  of  the  dentine  cone,  and  by  the  extreme  reduction  of  the  cement. 


16 

Fig.  15.  Mixosaurus  ( ?)  atavus    (Quenstedt).     Anterior  end  of  lower  jaw  with   dentition,  natural 

size.     (After  Quenstedt.) 

Fig.  16.  Mixosaurus  ( ?)  atavus    (Quenstedt).      Two   forms   of  teeth  from   the   lower   jaw,   natural 

size.     (After  Fraas.) 

The  peculiar  characters  of  the  dentition  of  Mixosaurus,  occurring  as  they 
have  with  other  features  which  undoubtedly  indicate  a  primitive  stage  of  evo- 
lution, have  suggested  that  possibly  the  dentition  is  essentially  primitive,  and 
that  an  original  differentiated  stage  of  a  thecodont  dentition  which  developed 
in  the  ancestors  of  the  ichthyosaurs  has  been  lost  in  the  adaptation  of  the  later 
forms,  but  is  retained  in  the  primitive  Mixosaurus.  If,  as  appears  to  be  the 
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case,  the  dentition  of  Cu»iboxj><»i<l/jlns  is  not  differentiated  more  than  that  of 
Ichthyosaurus,  it  may  be  that  the  differentiation  of  the  rnixosaur  dentition  was 
acquired  in  adaptation  to  a  peculiar  food  habit;  while  the  thecodont  insertion, 
here  as  in  most  of  the  Triassic  forms,  maybe  a  persistent  or  primitive  character. 

VERTEBRAE. 

Vertebral  Formula.— In  the  typical  Ichthyosauria  of  the  Jurassic  the  num- 
ber of  vertebrae  in  the  spinal  column  shows  considerable  variation.  In  the 
genus  Ichthyosaurus  variation  occurs  principally  in  the  posterior  caudal  region 
through  the  addition  of  small  centra  in  the  pinnigerous  portion  of  the  tail.  The 
presacrals  in  Ichthyosaurus  pretty  constantly  number  between  40  and  46  with 
some  slight  variation  from  this  number.  An  exception  is  found  in  the  pecu- 
liarly specialized  /.  platydacti/lus  Broili  of  the  Cretaceous,  in  which  the  pelvis 
appears  to  have  been  near  the  54th  centrum.  In  Baptanodon  reedi  Gilmore 
the  region  of  the  pelvis  is  indicated  at  the  49th  or  50th  centrum,  as  the  trans- 
verse processes  reach  their  lowest  position  on  the  sides  of  the  centra  at  this 
point.  In  Optlialmosaurus  there  are  40  presacrals,  according  to  Andrews.13 

Of  the  Triassic  genera  the  complete  presacral  segment  of  the  column  is 
known  only  in  Mixosaurus  and  Cymbospondylua,  Judging  f rom  Repossi's  fig- 
ures there  are  between  forty-five  and  fifty  presacrals  present  in  Mixosaurus. 
In  a  specimen  of  Cymbospondylus  (pi.  7,  fig.  1;  no.  9950),  including  the  com- 
plete presacral  region,  there  are  not  less  than  65  presacrals.  In  the  type  of 
Dclphinosaurus  (pi.  7,  fig.  2)  there  are  40  presacrals  present,  and  enough  of 
the  cervical  region  is  absent  to  increase  the  number  to  between  45  and  50.  In 
specimen  10998  (pi.  7,  fig.  3)  the  vertebral  column  is  complete  to  the  posterior 
part  of  the  skull,  and  there  are  about  40  presacrals  present.  As  the  region  of 
the  back  of  the  skull  is  imperfectly  preserved,  there  are  probably  several  verte- 
brate not  recognized,  so  that  the  total  may  be  supposed  to  be  the  same  as  in  the 
type  specimen.  In  Shastasaurus  osmouti  (fig.  57)  there  are  at  least  thirty- 
six  vertebrae  anterior  to  the  region  in  which  the  rib  articulation  moves  down 
from  the  upper  portion  of  the  lateral  face  of  the  centrum.  As  this  downward 
movement  occurs  in  all  other  ichthyosaurians  near  the  middle  of  the  dorsal 
region  and  generally  fifteen  or  more  vertebrae  anterior  to  the  pelvis  (Delphin- 
osaurus  15,  Cymbospondylus  19  or  more.  Ichthyosaurus  15  or  more)  at  least  fif- 
teen centra  may  be  added  to  the  thirty-six  known  in  Shastasaurus  making  the 
number  near  50.  It  appears  then  that  in  the  known  Triassic  forms  the  number 
of  presacrals  is  generally  somewhat  larger  than  in  the  typical  Ichthyosaurus. 
That  the  number  should  be  larger  in  these  forms  than  in  most  of  the  later  ich- 
thyosaurs  is  rather  remarkable,  since  the  primitive  reptilian  types  as  the  Diap- 

is  Andrews,  C.  W.,  Geol.  Mag.,  Dec.  5,  vol.  4,  p.  205. 
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tosauria  and  the  Phytosauria,  which  have  been  suggested  as  ancestral  to  the 
Ichthyosauria,  have  in  nearly  all  cases  less  than  thirty  presacrals. 

The  total  number  of  vertebrae  in  the  caudal  region  including  the  smaller 
centra  at  the  end  of  the  pinnigerous  portion  seems  to  be  very  closely  repre- 
sented in  a  DelpMnosaurus  specimen  (no.  10998),  and  is  approximately  75. 
In  one  of  the  Milan  specimens  of  Mixosaurus  the  writer  has  counted  about 
seventy-six  vertebrae  behind  the  posterior  limb.  In  a  large  specimen  of  C'/jiit- 
bospondylus  (fig.  132,  no.  9947)  a  continuous  series  of  54  vertebrae  is  present 
behind  the  pelvis,  and  a  part  of  the  distal  region  of  the  tail  is  absent. 


'  Pigs.  17-20.  Shastasaurus  osmonti  Merriam.  Outlines  of  cervical  and  dorsal  vertebrae,  X1/-!-  Fig. 
17,  anteroposterior  section  of  36th  centrum;  fig.  18,  anteroposterior  profile  of  4th  centrum;  fig. 
19,  anteroposterior  profile  of  12th  centrum;  fig.  20,  anteroposterior  profile  of  36th  centrum. 

In  the  caudal  region  the  number  of  vertebrae  anterior  to  the  characteristic 
bend  in  the  tail  is,  so  far  as  known,  nearly  the  same  as  in  the  later  forms,  or  in 
some  cases  somewhat  smaller.  In  the  Milan  Mixosaurus  specimen  possessing 
seventy-six  caudals.  the  bend  occurs  near  the  twenty-fifth  centrum  behind  the 
pelvis.  On  one  specimen  of  DelpMnosaurus  (pi.  7,  fig.  2)  it  is  situated  be- 
tween the  25th  and  30th  vertebrae  behind  the  pelvis,  and  in  another  (pi.  7,  fig. 
3)  it  appears  to  be  between  the  25th  and  35th  centra.  In  Cymbospondylus 
(fig.  132)  the  bend  in  the  caudal  region  occurs  at  the  30th  to  35th  centrum  behind 
the  pelvis  as  it  is  situated  here.  This  number  is  nearly  the  same  as  the  number 
of  centra  that  ordinarily  intervenes  between  the  pelvis  and  the  downward  bend 
of  the  tail  in  Ichthyosaurus. 

Form  of  Centra. — The  individual  vertebral  centra  of  all  Triassic  ichthyo- 
saurians  are  biconcave  as  in  later  types.  The  biconcavity  is  so  deep  in  some 
forms,  as  in  the  posterior  dorsals  of  Cynibospondylus  (fig.  24)  or  in  the 
caudals  of  some  of  the  small  species  from  the  Upper  Triassic  of  Shasta 
County,  that  the  middle  portion  of  the  centrum  is  perforated  by  a  very  small 
canal.  The  same  character  has  been  noted  in  the  vertebrae  of  Mixosaurus  ( ?) 
atavus  by  Fraas  (1891,  pp.  38  and  39)  and  was  described  by  von  Meyer14  for 

i*  von  Meyer,  H.,  Palaeontographica,  Bd.  1,  p.  253. 
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a  Triassir  vertebra  probably  belonging  to  an  ichthyosaurian.  Somewhat  sim- 
ilar perforations  appear  occasionally  in  some  of  the  later  ichthyosaurs  as  in 
Ichthyosaurus  <-ft»t fit/lotion."  In  most  forms  the  character  of  the  excava- 
tion is  similar  to  that  in  the  typical  species  of  lcJttJii/<txnn>-Hx  (fig.  17),  the 
concavity  beginning  near  the  periphery  of  the  centrum 'and  sloping  evenly  to- 
ward the  center.  In  Cymbospondylus  petrinus  (fig.  21),  the  best  known  Mid- 
dle Triassic  form,  the  outer  portion  of  the  articular  face  is  nearly  flat  or  only 
slightly  hollowed,  and  the  excavation  cuts  in  sharply  at  about  half  of  the  dis- 
tance to  the  middle.  The  flattening  of  the  peripheral  portion  of  the  terminal 
faces  is  very  pronounced  in  the  posterior  dorsal  region. 


21       '  22  23  24  25 

Figs.  L'l-25.  Cymbospondytu*  in'trhnix  Lekly.  Outlines  of  vertebrae,  X  %.  Fig.  21,  anteroposte- 
rior  cross-section  of  a  dorsal  centrum;  fig.  22,  anteroposterior  profile  of  3rd  centrum;  fig.  23, 
anteroposterior  profile  of  anterior  dorsal  centrum;  fig.  24,  anteroposterior  profile  of  posterior 
dorsal  centrum;  fig.  25,  anteroposterior  profile  of  posterior  caudal  centrum. 


The  occurrence  of  vertebrae  in  which  the  terminal  faces  are  largely  filled 
out  in  some  of  the  earliest  known  ichthyosaurs  naturally  raises  a  question  as  to 
whether  the  deeply  biconcave  centra  of  the  Upper  Triassic  and  later  genera  are 
primitive,  or  whether  they  have  been  secondarily  developed  as  a  part  of  the 
adaptation  to  aquatic  life.  The  more  nearly  solid  centrum  is  evidently  in  gen- 
eral the  type  best  fitted  to  meet  the  requirements  in  active  land  or  shore  forms. 
It  has  appeared  in  many  of  the  reptilian  groups,  and  even  in  certain  of  the  more 
highly  specialized  Stegocephalia.  Its  development  is  possibly  to  some  extent  a 
function  of  size  in  the  individual  among  land  forms,  as  is  indicated  by  its  ap- 
pearance in  the  large  "Stegocephalia  and  many  reptiles ;  the  deeply  biconcave 
vertebrae  persisting  principally  in  the  small  land  reptiles.  In  aquatic  forms 
in  which  the  vertebral  column  is  relieved  of  a  part  of  the  strain  of  supporting 
the  body  the  biconcave  type  of  centrum  may  prove  adequate.  Of  the  speci- 
mens of  the  earliest  European  ichthyosaurs  examined  by  the  writer  none  have, 
however,  been  found  to  show  such  a  degree  of  marginal  flattening  as  is  seen  in 

is  Kiprijanoff,  W.,  Mem.  L'Acad.  Imp.  des  Sc.,  St.  Petersb.     7  ser.,  t.  28,  no.  8,  p.  77. 
See  also  Dames,  W.,  Zeit.  d.  deutsch.  geol.  Gesel.     1893    Bd.  45,  p.  30. 
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excepting  the  doubtful  vertebrae  described  by  von  Meyer 
(Palaeontg.  B.  1,  p.  253).  In  the  earliest  forms  from  the  Middle  Triassic  the 
centra  are  generally  deeply  biconcave,  the  concavity  beginning  at  or  close  to  the 
margin  of  the  centrum.  In  Mixosrturus  (fig.  121)  a  slight  marginal  flattening 
may  be  present,  but  it  is  not  comparable  to  that  of  C  ymbospondyliis.  As  yet 
the  extreme  flattening  in  Cymbospondylus  has  been  observed  only  on  specimens 
of  the  large  C.  petrinus.  In  the  type  of  C.  piscosus  (fig.  134)  the  concavity  of 
the  centra  is  like  that  commonly  seen  in  Ichthyosaurus,  so  that  large  size 
may  be  an  important  factor  in  this  case.  On  the  other  hand  the  enormous  cen- 
tra of  Shastasaurus  careyi  from  the  Upper  Trias  exhibit  no  filling  out  of 
the  intervertebral  space.  Among  the  more  recent  ichthyosaurians  both  perfor- 
ation of  the  centrum  and  flattening  of  the  peripheral  portion  of  the  terminal 
faces  are  occasionally  seen,  and  appear  together  in  Ichthyosaurus  campylodon. 
The  proportions  of  the  vertebral  centra  in  the  different  regions  of  the  col- 
umn are  in  general  much  as  in  the  ichthyosaurs  of  the  Jurassic.  The  centra 
are  generally  broader  than  high  in  the  cervical  region,  and  gradually  increase  in 
height  to  the  middle  dorsal  region,  where  the  vertical  and  transverse  diameters 
are  nearly  equal  (figs.  18-20).  Behind  this  point  the  transverse  diameter  be- 

comes relatively  small  until  in  the  posterior  caudal  re- 
gion of  some  forms  the  height  may  equal  three  o'r  foul- 
times  the  width. 

In  the  cervical  and  anterior  dorsal  regions  the  rib  ar- 
ticulation extends  upward  over  the  superior  margin  of 
the  centrum  and  covers  a  part  of  the  base  of  the  upper 
arch  (fig.  26).  In  the  posterior  dorsal  region  it  moves 
down  to  the  lower  margin,  but  rises  again  to  about  half 
the  height  of  the  side  of  the  centrum  near  the  middle 
26  caudal  region.  Particularly  in  Cymbospondylus  petrinus 

Fig.  'J6.    Delphinosaurux  per-        /_£>         0,i\     j_i  -11  i  IT 

rim    Merriam.     Antero-     (fig.  24)  the  posterior  dorsal  centra  take  on  a  sharply 

triangular  form  where  the  rib  articulations   reach   the 


vrtebra 
x  %•  lower  margin  of  the  centrum. 

The  relative  length  of  the  anteroposterior  diameter  varies  greatly  among 
the  Triassic  genera.  In  some,  particularly  the  latest,  largest  and  most  general- 
ly specialized  forms  the  centra  are  relatively  short  and  "high,  as  is  exemplified 
in  Shastasaurus  careyi  (fig.  29),  in  which  the  length  of  a  middle  dorsal  may 
equal  less  than  29  per  cent,  of  the  height.  In  all  of  the  earlier  forms  the  centra 
are  relatively  long.  In  Dclphinosaurus  perrini  (fig.  27),  found  principally  in  a 
lower  horizon  than  the  forms  with  very  short  centra,  the  length  of  middle  dor- 
sal centra  may  equal  84  per  cent  of  the  height.  The  relatively  great  increase  in 
height  and  width  of  the  dorsal  centra  is  paralleled  to  a  considerable  extent  in 
the  Cetacea.  The  extraordinary  height  of  the  centrum  has  been  considered  by 
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McGregor1"  as  the  probable  reason  why  the  ribs  of  ichthyosaurs  do  not  artic- 
ulate on  the  upper  arches.  It  is  true  that  in  the  small  forms  with  relatively 
long  and  low  centra,  as  in  Delphinosaurus,  the  rib  heads  rest  against  the  upper 
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Fi<*.  27.     Deli>]iiin>nitHruss  pcrrini  Merriam.     Lateral  view  of  middle  dorsal  centrum,  X  %. 
Fig.  28.     Shastasaurus  osmonti  Merriam.     Lateral  view  of  middle  dorsal  centrum,  X  %. 
Fig.  29.     Shastasaurus  careyi  (  ?)  Merriam.    Lateral  view  of  middle  dorsal  centrum,  X  %. 


arches  to  a  considerable  extent.  It  is  also  true,  that  in  several  species  of 
tasaurus,  with  vertebral  centra  as  high  and  thin  as  in  the  typical  Ichthyosaurus, 
the  rib  heads  of  the  cervical  and  anterior  dorsal  region  are  in  contact  with  the 
base  of  the  neural  arch. 

Neural  Arches.  —  The  upper  arches  of  the  vertebrae  in  the  Triassic  genera 
seem  in  every  case  to  be  thicker  transversely  than  in  the  typical  Ichthyosaurus. 


Fig.  30.     Dclpltinosaimtx  perrini  Merriam.     Middle  dorsal  vertebrae  situated  at  the  point  in  the  series 
where  the  diapophysial  and  neurapophysial  surfaces  of  articulation  are  separated,  X%. 


is  McGregor,  J.  H.,  Mem.  Am.  Nat.  Hist.,  vol.  9,  pt.  2,  p.  91. 
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The  neural  spines  of  the  vertebrae  of  Miro»<tnn{x  (tig.  123)  as  figured  by  Repos- 
si,  appear  to  be  thin  and  flattened  distally,  but  a  prominent  rib  is  present  along 
the  lateral  face  of  the  arch,  and  extends  for  a  considerable  distance  up  on  the 
side  of  the  spine.  In  the  cervical  region  of  all  the  American  Triassic  forms 
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Figs.  31o-31c.  Shastascmrus  osmoiiti  Merriam.  Neural  arch  of  a  dorsal  vertebra,  X  V->.  Fig.  31a, 
lateral  view;  316,  cross-section  of  summit  of  neural  spine;  Sic,  anterior  view. 

Figs.  32a-32c.  Delphinosaurus  perrini  Merriam.  Neural  arch  of  a  dorsal  vertebra,  X  %.  Fig.  32a, 
lateral  view;  326,  cross-section  of  summit  of  neural  spine;  fig.  32c,  anterior  view. 

Figs.  33a-33e.  Shastasaurus  atispinus  Merriam.  Neural  arch  of  a  dorsal  vertebra,  X  l/->.  Fig.  33a, 
lateral  view;  336,  cross-section  of  summit  of  neural  spine;  33c,  anterior  view. 

the  neural  spines  are  so  thick  as  to  be  nearly  round  in  cross-section.  In  the 
dorsal  region  the  spines  may  be  greatly  broadened  anteroposteriorly  and  be- 
come quite  thin  distally  (fig.  32&).  This  change  from  thick  spines  on  the  cer- 
vicals  to  broad,  thin  ones  on  the  dorsals  is  well  shown  in  Delphinosaurus  perrini 
(pi.  7,  fig.  2),  but  even  in  this  form  the  lateral  faces  of  the  spines  on  the 
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dorsals  are  each  marked  by  a  well-developed  ridge  (fig.  30).  This  lateral  rib 
is  situated  in  the  middle  of  the  lateral  face  of  the  spine,  and  possibly  represents 
the  original  column  of  the  spine  from  which  the  anteroposterior  expansion  has 
developed. 

In  ti/tfix/nxfiiiriix  <t//i*/>iinis  and  S.  c/nri/i  the  spines  show  little  transverse 
flattening  in  the  dorsal  region  and  sometimes  none  at  all;  but  may  be  consid- 
erably thickened  and  perfectly  circular  in  cross-section  distally.  In  the  type 
specimen  of  S.  <i1lixi>innx  the  middle  dorsal  spines  seem  to  have  thin,  blade-like 
anterior  and  posterior  expansions  of  no  great  width,  for  a  short  distance  above 
the  zygapophyses  (pi.  18,  figs.  2a  and  2&).  In  a  specimen  of  S.  careyi  (pi.  18, 


34a 


34b 


Ki};s.  34«-34c.     Mixosaurm  (?)  atavus   (Quenstedt).     Neural  arch    of    an  anterior  dorsal  vertebra, 
natural  size.     (After  Fraas.)     Fig.  34<i,  anterior  view;  346,  posterior  view;  34c,  lateral  view. 

figs.  5(1  to  5r)  the  distal  end  of  the  spine  is  considerably  thicker  than  the 
middle  section,  and  shows  no  anterior  or  posterior  blade-like  expansions,  but  is 
circular  in  cross-section.  In  S.  altispinus  the  terminal  portion  of  the  spine  is 
hollowed  out  by  an  anteroposterior  groove.  In  S.  careyi  it  is  evenly  convex  or 
domed. 

In  view  of  the  fact  that  thickening  of  the  neural  spines  is  the  rule  among  the 
Triassic  Ichthyosauria,  and  is  most  persistent  in  the  anterior  portion  of  the 
vertebral  column  where  the  development  of  a  sculling  tail  would  have  the  least 
influence  on  the  character  of  the  neural  spines,  it  is  probable  that  the  arches 
of  the  ancestral  forms  were  of  the  round  or  thickened  rather  than  of  a  later- 
ally compressed  type.  The  rounded  type  is  occasionally  found  in  aquatic  forms, 
but  is  most  common  among  running  types. 

In  the  cervical,  dorsal,  and  anterior  caudal  regions  zygapophysial  facets 
are  developed  on  the  upper  arches  of  all  Triassic  ichthyosaurs.  As  was  first 
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Fig.  35.     Ichthyosaurus  quadrisdssus  Quensteclt. 

arch     with     united     zygapophyses,     X  %. 

Fraas.) 
Fig.  36.     Cymbospondylus  petrinm  Leitly.     Neural  arch 

of  5th  cervical  vertebra,  anterior  view,  X  %. 


noted  by  Fraas  (1891,  p.  39),  the  facets  of  the  zygapophyses  in 
atavus  differ  from  those  of  Ichthyosaurus  in  being  distinctly  separate;! 
and  not  situated  in  the  same  plane  (figs.  34a  to  34c).  In  the  Jurassic  forms 
the  two  faces  are  brought  together  at  the  median  line  and  unite  to  form  a  single 

face  (fig.  35).  In  all  of  American 
Triassic  forms  (figs.  31-33  and  36) 
the  zygapophysial  facets  are  large, 
distinctly  separated,  and  inclined 
away  from  each  other  in  the  cervical 
and  anterior  dorsal  region.  In  the 
posterior  dorsal  and  caudal  regions 
the  facets  may  he  considerably  re- 
duced and  fall  into  nearly  the  same 
plane.  This  difference  is  evidently 
due  to  the  fact  that  in  the  development 
of  a  broad,  vertical  sculling  organ, 
the  principal  movements  of  the  body 
have  been  sideways,  and  a  union  of  the  zygapophysial  facets  in  one  plane  fa- 
cilitated this  movement.  The  normal  form  of  zygapophysial  articulation  in 
which  the  anterior  facets  look  toward  each  other  would  interfere  to  some  extent 
with  this  motion.  In  the  evolution  of  the  group  the  tendency  to  change  the 
zygapophyses  naturally  appeared  first  in  the  caudal  region  and  was  gradually 

carried  forward  toward  the  neck  region.  In  the  Mid- 
dle Triassic  forms  the  sculling  tail  was  well  devel- 
oped and  the  zygapophyses  of  the  posterior  region  of 
the  column  had  already  been  considerably  modified. 
In  the  cervical,  and  to  some  extent  in  the  anterior 
dorsal  region,  the  modification  had  not  been  very 
strongly  expressed.  The  evidence  of  the  zygapophy- 
ses can  scarcely  be  interpreted  as  pointing  toward 
any  other  than  a  land  or  shore  type  as  the  ancestral 
form  of  the  group. 

H-jipocentral  Elements. — The  inferior  or  hypocen- 
tral  elements  of  the  caudal  region  furnish  a  most 
characteristic  feature  of  all  Triassic  genera,  and  rep- 
resent a  less  advanced  stage  in  the  development  of 
the  ichthyosaurian  tail  fin  than  in  the  post-Triassic 
forms.  In  every  case  where  they  have  been  observed  the  caudal  hypocentra 
are  united  ventrally  to  form  a  long  median  stem  (fig.  37),  giving  the  inferior 
arches  the  Y-shaped  form  seen  in  the  lower  arches  of  the  caudal  series  in  most 
reptiles.  In  the  type  specimen  of  Delphinosaurus  perrini  (pi.  7,  fig.  2)  the 
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Fig.  37.  Delphinosaurus  perrini 
Merriam.  Inferior  arch  of  an- 
terior caudal  vertebra,  X  %. 
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chevrons  are  present  from  the  anterior  caudal  region  at  least  as  far  back  as 
the  bend  in  the  tail. 

In  the  ichthyosaurs  of  the  Lower  Lias  of  Europe  (fig.  48,  p.  43)  the  hypo- 
central  elements  are  present,  in  many  cases  at  least,  considerably  beyond  the 
bend  in  the  tail.  According  to  Owen17  they  are  not  present  on  the  terminal 
twenty  or  more  vertebrae  in  Ichthyosaurus.  In  some  of  the  Upper  Liassic 
ichthyosaurs  of  South  Germany,  particularly  in  I.  quadriscissus  (fig.  49,  p. 
43),  lower  arches  are  not  present  in  the  region  of  the  tail  immediately  in  front 
of  the  bend,  and  have  evidently  in  some  cases  disappeared  entirely.  In 
Opthalmosaurus,  according  to  Andrews,18  caudal  intercentra  appear  to  be  pres- 
ent. In  Baptanodon,  according  to  Knight,1"  the  lower  arches  are  absent. 

The  history  of  the  Ichthyosauria  seems  to  give  us  a  pretty  definite  trend  of 
evolution  of  the  hypocentral  elements  of  the  caudal  region  (figs.  43  to  49).  It 
begins  in  the  Triassic  with  forms  in  which  the  lower  arches  are  of  the  normal 
chevron  type.  In  the  Lower  Liassic  ichthyosaurs  the  inferior  union  of  the  short . 
paired  elements  has  ceased.  In  the  Upper  Lias  the  hypocentra  may  disappear 
largely  or  in  part,  and  in  Baptanodon,  one  of  the  most  recent  genera  of  the 
order,  they  seem  to  have  disappeared  entirely. 

The  gradual  modification  and  final  elimination  of  the  caudal  hypocentra  is 
undoubtedly  to  be  ascribed  to  the  increased  efficiency  of  the  terminal  caudal 
fin.  In  the  earlier  ichthyosaurs  the  whole  tail  served  as  a  sculling  oar,  and 
the  elongated  inferior  arches  heightened  or  broadened  the  tail.  In  later  forms 
the  flexure  of  the  terminal  portion  of  the  caudal  series  made  possible  the  de- 
velopment of  a  broad  sculling  organ  in  the  region  where  it  was  most  effective, 
and  the  power  came  to  be  applied  largely  in  that  region. 

In  the  cervical  region  of  Shastasaurus  (fig.  57,  p.  48)  there  are  facets  for 
an  intercentrum  between  the  third  and  fourth  centra,  making  a  fourth  inter- 
centrum  not  present  in  Ichthyosaurus.  In  this  respect  Shastasaurus  may  be 
considered  more  primitive  than  later  genera.  In  the  older  Cymbospondylus 
there  is,  however,  no  intercentrum  between  the  third  and  fourth  vertebrae 
(fig.  58).  The  hypocentral  elements  of  the  cervical  region  are  not  known  to 
be  materially  different  from  those  of  the  Jurassic  forms. 

Atlas  and  Axis. — The  atlas  and  axis  are  distinctly  separated  in  all  Triassic 
ichthyosaurs  as  far  as  known.  In  Cymbospondylus  and  Shastasaurus  the 
adjacent  faces  of  the  atlas  and  axis  are  both  concave  and  there  is  no  sugges- 
tion of  fusion  as  in  the  later  ichthyosaurs.  The  atlas  of  Cymbospondylus 
petrinus  (pi.  8  and  text  fig.  38)  has  about  the  same  width  and  height,  and  about 
three-fourths  the  anteroposterior  diameter  of  the  axis.  The  anterior  face  is 


IT  Owen,  K.,  Fosa.  Eept.  Lias.  Form.,  1870,  p.  92. 

is  Andrews,  C.  W.,  Geol.  Mag.,  Dec.  5,  vol.  5,  p.  205. 

10  Knight,  W.  C.,  See  Gilmore,  Mem.  Carnegie  Mus.,  vol.  2,  p.  107. 
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strongly  convex,  the  inferior  and  lateral  borders  being  much  thinner  than  the 
superior  side.  The  anterior  face  of  the  atlas  shows  no  concave  face  into  which 
the  basioccipital  might  be  received,  but  the  posterior  face  of  the  basioccipital 
is  deeply  excavated  for  the  reception  of  the  atlas.  The  narrowed  lateral  bor- 
ders have  elevated  anterior  and  posterior  edges  and  show  no  indication  of  the 
presence  of  rib  articulations.  The  upper  arches  of  the  atlas  are  formed  much 
as  in  Ichthyosaurus. 

In  Shastasaurus  (fig.  57)  the  form  of  the  atlas  is  much  as  in  Cymbospon- 
dylus,  though  the  lateral  borders  are  evidently  not  as  sharply  set  off  from  the 
anterior  face  by  an  elevated  anterior  edge.  A  portion  of  an  upper  arch,  appar- 
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Fig.  38.     Cymbospondylus  petrinus  Leidy.     Atlas  and  axis,  lateral  view,  X  %.     1,  atlas;  2,  axis. 
Fig.  39.     Ichthyosaurus  longifrons  Owen.     Atlas  and   axis,   lateral  view,    X  %.      1,   atlas;    2,   axis. 

(Adapted  from  Owen.) 

Fg.  40.     Ichthyosaurus  platydactylus  Broili.     Atlas,  axis,  and  3rd  cervical,  lateral  view,   X  %•     1 
and  2,  fused  atlas  and  axis;  3,  3rd  cervical  centrum.     (After  Broili.) 

ently  belonging  to  the  atlas  in  the  type  specimen  of  S.  alcxandrae,  resembles  the 
neurocentral  elements  of  Ichthyosaurus. 

The  axis  of  Cymbospondylus  is  in  general  like  the  succeeding  cervicals, 
excepting  in  its  marked  inferior  truncation  for  the  hypocentral  elements.  It 
is  characterized  in  some  of  the  specimens  examined  (pi.  8,  fig.  6)  by  the  absence 
of  parapophyses.  The  diapophyses  of  the  axis  are  like  those  of  the  third  cen- 
trum. The  third  vertebra  shows  large  parapophyses.  In  Shastasain-iis  the 
rib  articulation  of  the  axis  resembles  that  of  the  corresponding  element  in  the 
later  ichthyosaurs,  and  large  parapophyses  as  well  as  diapophyses  are  present. 
Excepting  in  the  two  genera  described  above,  the  atlas  and  axis  are  not  well. 
known  in  the  Triassic  forms. 

In  the  genus  Ichthyosaurus  the  first  two  elements  of  the  vertebral  column 
are  characterized  generally  by  partial  or  complete  fusion  with  each  other  and, 
so  far  as  the  information  is  available,  there  seems  to  be  no  indication  of  an 
intervertebral  space  remaining.  The  atlas  and  axis  are  also  of  nearly  the  same 
size  (fig.  39). 

In  the  latest  members  of  the  ichthyosaur  group,  as  in  Baptanodon,  the 
fusion  of  the  first  two  elements  is  complete,  and  the  hypocentral  element  be- 
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tween  them  may  disappear  or  lose  its  identity.  In  Ic/iHii/oMuir/ix  />fnl//dac- 
I///IIN  as  recently  described  by  I>roilf"  (fig.  40),  not  only  have  the  atlas  and 
axis  fused,  but  the  third  centrum  is  united  with  the  second.  In  all  of  the  Ju- 
rassic ichthyosaurs  the  centrum  of  the  atlas  is  nearly  or  quite  as  large  as  the 
centrum  of  the  axis  (fig.  39),  while  the  neuroceutra  rest  upon  it  much  as  the 
elements  of  the  upper  arch  of  the  axis.  In  this  respect  the  atlas  in  these  forms 
may  be  said  to  be  more  specialized  than  in  most  other  reptiles.  A  possible  ex- 
planation of  the  peculiar  form  and  large  size  of  the  most  anterior  centrum 
here  is  that  the  anterior  cervical  centrum  of  the  later  ichthyosaurs  may  cor- 
respond to  the  axis  of  the  earlier  forms,  the  atlas  having  disappeared. 

The  known  series  of  forms  exhibiting  the  structure  of  the  anterior  portion 
of  the  vertebral  column  of  the  Ichthyosauria  shows  pretty  clearly  that  progres- 
sive modification  of  the  cervical  region  has  taken  place  along  somewhat  the 
same  lines  that  have  been  followed  in  the  Cetacea.  In  the  whales,  fusion  of 
the  cervicals  has  reached  an  extreme  stage,  and  the  neck  may  be  presumed  to 
be  much  shortened.  In  view  of  the  considerable  difference  between  the  Tri- 
assic  and  the  Jurassic  ichthyosaurs  in  the  form  and  to  some  extent  in  the 
function  of  the  most  anterior  centrum,  it  is  possible  that  in  a  modification  of 
the  cervical  region  best  adapting  it  to  aquatic  life,  the  neck  has  been  short- 
ened partly  by  elimination  or  by  extreme  reduction  of  the  most  anterior 
elements. 


Fig.  41.     Ichthyosaurus  acutirostris   Owen.     Reversed   photograph   of  a   specimen   in  the   Carnegie 
Museum.     Reproduced  by  courtesy  of  Dr.  W.  J.  Holland. 

Caudal  Fin.— In  no  other  group  of  the  reptilia  have  the  functions  of  loco- 
motion been  so  largely  transferred  from  the  limbs  to  the  tail  as  we  find  them 
to  be  in  the  typical  ichthyosaur.  In  consequence  of  this,  the  caudal  fin  of 
these  forms  has  become  the  most  specialized  sculling  tail  known  in  the  Reptilia. 
That  it  has  reached  the  stage  of  evolution  seen  in  the  typical  Ichthyosaurus 
(fig.  41)  by  passing  through  grades  of  development  not  unlike  those  of  some 

2"  Broili,  F.,  Palaeontog.,  Bd.  54,  p.  143. 


40 


MEMOIRS  OF  THE  UNIVERSITY  OF  CALIFORNIA. 


of  the  more  generalized  shore  or  fresh-water  forms  has  been  evident,  but  com- 
paratively little  information  regarding  the  course  of  its  evolution  has  been 
available. 

In  a  specimen  of  Ichthyosaurus  trifjoints  jtoatliHniufs  AVagner  from  the 
Upper  Jurassic,  one  of  the  most  recent  of  the  well-preserved  ichthyosaur 
specimens21  exhibiting  the  impression  of  the  epidermal  investment  of  the  caudal 
region,  the  caudal  fin  is  seen  to  be  broadly  two-lobed  with  the  distal  end  of  the 

vertebral  column  turned  sharply 
downward  into  the  lower  lobe  (fig. 
42).  Traces  of  upper  arches  are  seen 
on  the  vertebrae  in  the  lower  lobe  of 
the  fin,  but  lower  arches  seem  to  have 
been  absent.  The  vertebral  centra  of 
the  tail  fin  are  very  much  smaller 
than  those  immediately  in  advance  of 
the  bend.  They  are  also  relatively 
very  much  longer  antcroposteriorly, 
while  the  median  portion  is  consider- 
ably constricted.  The  margins  of  the 
centra  are  thickened  and  rounded. 
Practically  the  same  relations  of  the 
caudal  vertebrae  are  seen  in  /.  ]>l(ity- 
ddctylHti  BroilP  of  the  Cretaceous. 
In  some  of  the  best  specimens  of  Ich- 
thyosaurus from  the  Upper  Lias  of 
South  Germany  (fig.  49),  the  down- 
ward bend  is  very  pronounced,  while 
the  upper  and  lower  vertebral  arches 
are  m«ch  reduced.  The  centra  be- 
yond the  point  of  strongest  curvature 
are  not  relatively  much  if  any  elon- 
gated. In  these  types  the  portion  of  the  tail  included  in  the  terminal  fin  is 
large  and  the  fin  itself  nrnst  have  been  capable  of  exerting  considerable  power. 
It  was  not  supported  to  any  extent  by  spinous  projections  of  the  upper  or 
lower  arches,  but  obtained  its  width  largely  through  the  bend  in  the  caudal 
series.  The  paddles  in  these  forms  were  too  small  to  have  furnished  much 
power  in  swimming,  and  the  hind  paddles  were  so  reduced  as  to  be  practically 
functionless. 

In  a  number  of  the  species  of  Ichthyosaurus  from  the  Lower  Lias  of  Eng- 

^'  Bauer,  F.,  Palaeontog.,  Bd.  44,  1897-98,  p.  309,  and  Taf.  27. 
22  Broili,  F.,  Palaeontog.,  Bd.  54,  p.  147. 


Fig.  42.  Ichthyosaurus  trigonus  posthunms  Wagner. 
Posterior  caudal  region  with  outline  of  the  caudal 
fin,  about  1^0  natural  size.  (After  Bauer.) 
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land  (fig.  48)  the  lower  arc-lies  of  the  caudal  series  appear  to  be  larger  and 
extend  out  in  the  series  to  a  point  considerably  beyond  the  bend  in  the  tail. 
In  these  forms  the  area  of  the  paddles  is  generally  larger,  and  in  many  cases 
the  posterior  paddles  are  relatively  large. 

Among  the  Triassic  ichthyosaurians  the  terminal  portion  of  the  caudal 
series  is  known  in  Mixomunm,  Di>1i>ltiiu>K«  units,  and  to  a  considerable  extent 
in  Cymbospondylus.  Caudal  vertebrae  are  also  known  from  the  other  genera. 

In  Mixosaurus  the  well-preserved  specimens  at  Milan  show  a  structure  which 
resembles  that  of  Ichthyoxd/irtts  sufficiently  to  call  to  mind  the  type  of  tail  fin 
present  in  the  latter  genus,  but  different  enough  to  merit  discussion  as  a  dis- 
tinct type  (fig.  45).  In  this  form  the  distal  end  of  the  caudal  region  was 
apparently  not  bent  downward  sharply  as  in  the  latest  ichthyosaurs,  but  curved 
slightly  upward  near  the  middle  of  the  caudal  series  and  then  down,  again  some 
distance  in  front  of  the  posterior  end  of  the  tail  (fig.  50).  This  difference 
would  not  of  itself  attract  attention  so  strongly  were  it  not  that  the  character 
of  the  vertebral  arches  in  the  flexed  portion  of  the  tail  is  very  different  from 
that  in  Ichthyosaurus.  The  neural  arches  instead  of  suffering  gradual  reduc- 
tion as  the  point  of  curvature  is  approached,  and  disappearing  very  close 
behind  it  as  in  Ichthyosaurus,  are  considerably  increased  in  length  and  stand 
erect  in  the  curved  region,  and  continue  far  back  toward  the  terminal  region 
of  the  series.  In  the  Milan  specimen  best  known  to  the  writer  the  caudal  region 
consists  of  about  76  vertebrae.  The  upper  arches  begin  to  turn  forward  at 
about  the  seventeenth  centrum  behind  the  posterior  limb.  The  hypocentral  ele- 
ments are  long,  the  inferior  ends  of  the  right  and  left  pieces  uniting  to  form 
Y-shaped  arches.  The  writer  has  not  seen  lower  arches  immediately  below  the 
bend  in  the  caiidal  series,  but  they  are  present  and  well  developed  behind 
the  bend. 

In  a  small  specimen  occurring  in  the  same  beds  with  Cymbospondylus  in 
the  Middle  Trias  of  Nevada  (no.  10624,  fig.  44)  practically  the  same  relations 
of  the  elements  of  the  caudal  vertebrae  appear  as  are  found  in  Mixosaurus. 
The  caudal  centra  are  somewhat  flattened  laterally  and  bear  apophyses,  with 
which  caudal  ribs  may  have  been  in  articulation.  The  neural  arches  are  high 
and  slender,  their  height  equaling  a  little  less  than  three  times  the  height  of 
the  centra  (X2%).  They  show  little  if  any  anteroposterior  curvature  and 
stand  nearly  erect  on  the  centra.  The  inferior  arches  are  also  long  and 
slender,  but  are  strongly  recurved.  Their  length  equals  nearly  two  and  one- 
half  times  the  height  of  the  centra.  The  articulation  of  each  of  the  infe- 
rior arches  seems  to  be  mainly  on  a  single  centrum,  instead  of  intervertebral. 
The  union  of  the  lower  arches  with  the  centra  is  so  close  that  it  may  possibly 
amount  to  co-ossification  in  some  cases. 

In  a  large  specimen  of  Cymbospondylus  petrinus  (no.  9947,  fig.  46)  there 
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Fig.  43.     Palaeohatteria  longicinitliil/i  ('rodiior.     Caudal  scries,  X  V>.     (Adapted  from  Osborn.) 


Fig.  44.     Cyml)ospondylus(^)   natans  Merriam.     Section  of  caudal  fin,  X  %• 


Fig.  45.     Mixo&aurus  cornalianus  (Bassani).     Caudal  series,  X  %.      (After  Repossi.) 


Fig.  46.     Ct/mbospo»dylus  petrinus  Leidy.     Caudal  series,  X 


Fig.  47.     Dclphinoxaunis  perrini  Merriam.     Caudal  series,  X 
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Fig.  48.     IHi  Hi  i/iix/iii  rux   intcrmedius  Conylx-arc.     Caudal  series,  X  ')'1(i.     (Adapted  from  Owen.) 


Fig.  49.     Ichthyosaurus  quadriscissus  Quenstedt.     Caudal  series,  about 

(After  Fraas.) 


natural  size. 


is  a  continuous  series  of  over  fifty  vertebrae  showing  the  structure  of  the 
greater  portion  of  the  caudal  region.  At  the  thirty-fifth  centrum  in  this 
series,  which  appears  to  represent  a  point  normally  thirty-five  to  forty  centra 
behind  the  pelvis,  a  bend  occurs  in  the  tail.  At  this  point  the  neural  spines  sud- 
denly stand  erect  instead  of  inclining  backward,  and  behind  the  thirty-fifth 


Fig.  50.     Outline  of  the  vertebral  column  of  Mixosaurus.    From  rough  sketch  by  the  author. 


vertebra  as  far  as  the  fifty-sixth  they  are  inclined  forward.  The  spines  are  not 
greatly  elongated  as  in  Mixosaurus.  but  keep  a  more  nearly  even  height  through 
the  tail.  At  the  thirty-fifth  vertebra  a  change  also  occurs  in  the  centra, 
which  are  considerably  shortened  inferiorly,  indicating  vertical  curvature,  and 
the  diapophyses  suddenly  disappear.  For  some  distance  behind  the  thirty- 
fifth  vertebra  the  centra  increase  somewhat  in  height  and  at  the  same  time 
become  absolutely  narrower  transversely.  Small  Y-shaped  chevrons  are  pres- 
ent to  the  end  of  the  series. 
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In  Delphinosannis  the  caudal  series  shows  a  downward  curve  in  the  distal 
region  not  unlike  that  in  Ichthyosaurus,  though  the  bend  is  probably  not  so  pro- 
nounced (fig.  47).  The  vertebral  centra  beyond  the  bend  are  small,  but  show 
some  lateral  compression,  and  are  slightly  higher  than  the  centra  immediately 
in  front  of  the  bend.  Anterior  to  the  bend  in  the  tail  the  lower  arches  appear 
as  long-spined  chevrons.  The  chevrons  are  not  certainly  known  behind  the 
anterior  region  of  the  bend,  but  may  have  been  present  there.  The  upper  arches 


Fig.  51.     Clidastes  velox  Marsh.    Caudal  series,  X  Via-     (After  Williston.) 


Pig.  52.     Geosaurus  suevicus  E.  Fraas.     Caudal  series,  X  %.     (After  Fraas.) 


of  the  centra  in  the  anterior  and  middle  region  of  the  tail  are  of  moderate 
height  and  are  much  flattened  laterally.  Immediately  behind  the  bend  the 
small  upper  arches  turn  sharply  forward  as  in  Geosaurus  (fig.  52). 

The  form  of  the  caudal  fin  seen  in  Mixosaurus  differs  from  that  in  Ichthyo- 
saurus fundamentally  in  that  the  vertical  expansion  of  the  fin  is  produced  in 
a  large  part  by  the  elongation  and  erect  position  of  the  vertebral  arches, 
whereas  in  Ichthyosaurus  the  arches  have  little  or  nothing  to  do  with  the  wid- 
ening of  the  fin.  Sculling  organs  of  a  character  somewhat  similar  to  that  of 
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Mixosaurua  appear  in  other  groups,  particularly  in  the  inosasauriaii  genus 
Clidastes  (fig.  51),  in  which  a  portion  of  the  caudal  region  somewhat  in  advance 
of  the  posterior  end  of  the  series  is  considerably  broadened  by  the  elongation 
and  erection  of  the  neural  arches.  The  inferior  spines  are  also  somewhat 
elongated,  and  although  fused  to  individual  vertebral  centra  they  are  quite 
strongly  recurved. 

The  modification  of  the  caudal  fin  of  ClidttslcN  differs  from  that  of  Mi.ro- 
Mttirux  mainly  in  showing  less  evidence  of  vertical  curvature  of  the  distal 
portion  of  the  vertebral  column.  If  the  tail  fin  of  Cymbospondylu^^T)  iHtfaii* 
were  better  known  it  would  possibly  be  found  to  differ  from  Clidastes  in  general 
character  less  than  does  the  corresponding  region  in  the  caudal  series  of  Mi.ro- 
saurus. 

In  the  caudal  fin  of  the  typical  Cymbospondylus  the  centra  become  higher 
and  narrower  beyond  the  bend,  instead  of  smaller  as  in  later  forms,  while  the 
upper  and  lower  arches  are  retained  beyond  the  bend.  The  upper  arches  are 
inclined  forward  as  in  Mixosaurus,  but  are  not  extraordinarily  elongated  as 
in  that  genus  and  in  C.  (  ?)  natans.  Vertical  expansion  of  the  fin  is  produced 
in  this  instance  partly  by  retention  of  the  upper  and  lower  arches,  partly  by 
increased  height  of  the  vertebral  centra,  and  partly  by  vertical  curvature  of 
the  column. 

In  the  known  history  of  the  Ichthyosauria  the  caudal  fin  has  passed  through 
several  fairly  definite  stages  of  evolution,  and  the  trend  of  modification  has 
always  been  in  practically  the  same  direction.  The  most  primitive  structure 
is  probably  that  of  C.  ( ?)  natans  which  leads  to  the  type  of  Mixosaurus.  In 
the  large  Cymbospondylus  the  structure  is  almost  as  primitive  as  in  the  other 
two  Middle  Triassic  forms,  the  differences  being  possibly  due  in  part  to  dif- 
ference in  size  of  the  individuals  compared. 

Arranged  in  accordance  with  the  hypothetical  scheme  of  evolution  of  the 
ichthyosaurian  caudal  fin,  the  various  knowrn  stages  in  the  evolutionary  series 
are,  as  shown  on  the  following  page,  also  arranged  in  the  order  of  their  appear- 
ance in  time ;  excepting  in  the  case  of  those  Middle  Triassic  forms  in  which  the 
factor  of  size  is  also  to  be  considered.  In  the  case  of  these  Middle  Triassic 
forms  size  has  exerted  the  influence  which  could  generally  be  predicted,  the 
smaller  forms  showing  the  most  primitive  structure. 

The  fact  that  the  known  forms  fall  into  a  fairly  definite  series  is  not  neces- 
sarily to  be  taken  as  indicating  a  single  direct  line  of  descent.  They  are 
widely  scattered  geographically,  and  differ  sufficiently  in  minor  details  of 
structure  to  make  difficult  their  arrangement  in  a  single  series.  The  fact  that 
wherever  the  forms  of  a  given  period  are  found  they  seem  to  fall  into  this  pre- 
dicted position  in  the  evolutionary  scheme  indicates  all  the  more  clearly  the 
definite  and  long-continued  tendency  of  evolution  of  the  group  in  this  particular. 
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Including  the  hypothetical  ancestors  of  the  Ichthyosauria  the  following 
series  of  forms  may  be  taken  to  represent  stages  in  the  evolution  of  the 
caudal  fin : 

1.  Unknown  littoral  or  terrestrial  Permian  ancestor  with  caudal  series  much 
as  in  Palaeohatteria;  tail  long,  slender,  not  markedly  expanded  vertically, 
upper  and  lower  arches  imperfectly  developed  in  posterior  part  of  caudal  series. 

2.  Unknown  semiaqiiatic  Permian  or  early  Triassic  ancestor.    Caudal  series 
long,  tail  considerably  expanded  vertically  as  in  Crocodilia,  upper  and  lower 
arches  well  developed  excepting  in  terminal  third  or  quarter  of  tail. 

3.  Early  Triassic  ancestor.     Caudal  series  long,  tail  expanded  vertically 
somewhat  in  advance  of  the  posterior  end  by  elongation  or  erection  of  the  arches. 
Possibly  represented  by  CymbospondylHs('t')  untune  or  a  closely  allied  form. 

4.  Mixosaurus.     Middle  or  Upper  Triassic  form  with  distal  expansion  of 
caudal  region  caused  in  part  by  elevation  of  the  vertebral  arches,  and  in  part 
by  vertical  curvature  of  the  vertebral  column. 

5.  Cymbospondylus.    Large  Middle  Triassic  forms  possibly  represented  by 
preceding  stages  in  the  young  animal.    Distal  portion  of  caudal  region  retain- 
ing short  Y-shaped  chevrons,  and  short  erected  neural  arches ;  vertebral  centra 
increased  in  height  and  laterally  compressed  behind  the  bend. 

6.  Delphinosaurus.    Upper  Triassic.    Expansion  of  the  distal  portion  of  the 
caudal  fin  due  largely  to  curvature  of  the  vertebral  column.    Upper  and  lower 
arches  considerably  reduced  in  the  region  of  the  caudal  flexure.     Anterior 
caudal  region  relatively  broad  owing  to  the  presence  of  laterally  compressed 
upper  arches  of  moderate  size,  and  of  long-spined  chevrons. 

7.  Ichthyosaurus.     Lower  Lias.     Much   as  in  Delphinosaurus,  but  lower 
arches  shortened  and  no  longer  united  vent  rally. 

8.  Ichthyosaurus.     Upper  Lias.     As  in  Lower  Lias,  but  with  occasional  al- 
most complete  reduction  of  lower  arches. 

9.  Ichthyosaurus,  Opthalmosaurus,  and  Baptanodon.     Upper  Jurassic  and 
Cretaceous.     Lower  arches  much  reduced  or  absent,  anterior  and  posterior 
margins  of  vertebrae  behind  the  bend  swollen,   and  with  articulation  faces 
swinging  outward  and  somewhat  backward  on  the  swollen  tracts.     Centra  be- 
hind the  bend  in  the  tail  suddenly  reduced  in  size.     (In  I.  posthumus  they  be- 
come relatively  small  and  long.)     Posterior  portion  of  caudal  series  more 
strongly  deflexed  than  generally  in  preceding  forms. 

As  has  perhaps  been  evident  in  the  preceding  statement  of  the  evolution 
of  the  ichthyosaurian  caudal  fin,  the  historical  series  of  forms  which  is  now 
available  suggests  that  the  peculiar  upper  lobe  of  the  ichthyosaur  fin  originated 
at  that  period  in  the  history  of  the  group  when  the  height  of  the  tail  was  in- 
creased by  elongation  of  the  neural  arches,  and  that  once  having  taken  on  an 
important  function  it  has  been  retained  and  enlarged. 
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In  the  Triassic  ichthyosaurians,  as  in  the  typical  Irlttli i/ox<tnn(s,  rib  articu- 
lations are  present  from  the  anterior  cervical  region  along  the  whole  of  the 
vertebral  column  well  out  toward  the  distal  region  of  the  caudal  series.  Ex- 
cepting the  character  of  the  rib  articulation  in  certain  regions,  the  general  form 
of  the  ribs  in  the  Triassic  ichthyosaurs  is  not  materially  different  from  that 
in  the  later  genera.  The  shaft  is  generally  considerably  flattened,  excepting 
at  the  distal  end,  where  it  may  be  nearly  round  in 
cross-section.  In  all  excepting  the  most  ante- 
rior and  posterior  ribs  the  anterior  and  poste- 
rior sides  of  the  shaft  are  more  or  less  deeply 
grooved.  Compared  with  Ichthyosaurus,  the 
shaft  is  possibly  somewhat  shorter  in  the  middle 
dorsal  region  of  Cymbospondylus  (pi.  7,  fig.  1) 
and  somewhat  heavier  in  the  dorsal  region  of 
some  species  of  Shastasaitms. 

In  all  of  the  American  Triassic  ichthyosaurs, 
excepting  Toretocnemus,  the  ribs  articulate  on 
the  vertebral  centra  and  arches,  with  a  single 
head  excepting  in  the  most  anterior  portion  of 
the  column  (figs.  53-56) . 

In  the  best  known  specimen  of  Shastasaurus 
showing  the  vertebral  column  (fig.  57)  the  cen- 
tra of  the  anterior  cervical  vertebrae  show  both 
diapophyses  and  parapophyses.  The  parapophy- 

ses  are  situated  low  down  on  the  centra  and  are  Fiss-  53'56-  cymbospondyUs 
somewhat  less  than  half  the  size  of  the  diapophy- 
ses. In  passing  back  toward  the  anterior  dorsal 
region  the  diapophyses  are  seen  to  grow  longer, 
while  the  parapophyses  become  much  reduced.  The  distance  separating  the  two 
apophyses  remains  nearly  the  same,  or  is  at  least  not  decreased.  On  the 
twelfth  centrum  of  the  series  the  parapophysis  is  a  mere  tubercle  without 
an  articular  face.  The  last  trace  is  seen  on  the  eighteenth  centrum,  on  which 
a  rudimentary  tubercle  is  present  on  one  side  only.  Beyond  the  point  of  dis- 
appearance of  the  parapophyses,  the  diapophyses  continue  to  increase  in  length 
but  no  division  of  the  rib  articulation  appears. 

In  the  older  genus  Cymbospondylus  much  the  same  relations  of  the  rib 
articulation  are  seen,  and  the  parapophyses  are  gradually  reduced  in  passing 
back  through  the  cervical  series  until  they  disappear  entirely  in  the  posterior 
cervical  or  anterior  dorsal  region.  In  one  specimen  (fig.  58)  the  parapophyses 


55 


anterior  cervical  rib;  fig.  54,  poste- 
rior cervical  rib;  fig.  55,  anterior  dor- 
sal rib;  fig.  56,  middle  dorsal  rib. 
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Fig.  59.  Toretocnemus  calif ornicus  Mer- 
riam.  Vertebrae  and  rib  from  middle, 
dorsal  region,  natural  size. 


retain  nearly  the  same  size  from  the  axis  to  the  twelfth  centrum.     On  the 
thirteenth  the  diapophyses  are  suddenly  elongated,  and  there  is  no  parapo- 
physis  on  one  side,  though  a  rudiment  is  present  on   the   other   side.     The 
diapophyses  have  a  peculiar  form  on  this  cen- 
trum, the  lower  ends  being  turned  backward  in- 
stead of  forward. 

In  Deljiliiiioxduru*  the  same  relation  obtains 
as  in  Shwtasaurus,  and  in  Men-nutria  we  know 
only  that  the  middle  dorsal  ribs  are  single- 
headed. 

In  Torctocucinnti  (fig.  59)  the  middle  and 
posterior  dorsal  ribs  have  deeply  notched  or 
forked  heads  articulating  on  distinctly  separated 
diapophyses  and  parapophyses.  The  vertebrae 
and  ribs  of  the  anterior  region  of  the  column  are 
unknown. 

In  the  European  Mixosaurus  the 
rib  articulations  are  said  to  be  unicip- 
ital  excepting  a  possible  faint  division 
in  the  posterior  dorsal  and  anterior 
caudal  region  (figs.  60«  and  60?;). 

In  Mixosaurus  (t)  atavus  of  the 
European  Muschelkalk  the  only  ante- 
rior dorsal  vertebra  known  (fig.  61) 
seems  to  have  a  double-headed  rib 
articulation.  Several  posterior  dor- 
sals from  the  collections  at  Stuttgart 
(fig.  63)  and  Zurich  have  distinctly 
separated  diapophyses  and  parapo- 
physes low  down  on  the  sides  of  the  centra.  Other  centra  (figs.  64a  and  64&) 
not  far  from  the  region  of  the  pelvis  have  a  single,  large,  lateral  apophysis  in 
which  there  may  be  some  indication  of  narrowing  near  the  middle.  These  last 
centra  show  no  traces  of  facets  for  intercentra,  and  if  located  behind  the  pel- 
vis could  not  be  situated  very  far  from  it. 

There  are  no  vertebral  centra  available  which  certainly  represent  the  middle 
dorsal  region  of  3/.(?)  atavus  unless  some  of  those  which  have  been  referred 
to  the  anterior  and  posterior  portions  belong  here.  A  peculiar  centrum  figured 
by  Fraas  (fig.  62)  shows  a  cross-section  similar  to  that  of  a  middle  dorsal,  and 
possesses  a  small  but  prominent  apophysis  a  little  above  the  middle  of  each 
side.  The  writer  has  not  seen  so  small  an  apophysis  for  unicipital  articula- 
tion of  middle  dorsal  ribs  in  any  ichthyosaurs,  but  apophyses  of  this  size,  form, 


Figs.  60a  and  606.  Mixosaurus  cornalianus  (Bassani). 
Ribs  natural  size.  (After  Repossi.)  Fig.  60a,  dorsal 
rib;  fig.  606,  posterior  or  anterior  dorsal  rib. 
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and  situation  occur  in  the  middle  caudal  region.  The  centrum  shows  a  cen- 
tral perforation.  Such  perforations  appear  to  be  more  common  in  the  cau- 
dal centra  than  in  other  regions  of  the  column,  but  the  nearly  circular  cross- 
section  is  not  characteristic  of  the  caudal  region.  If  the  centrum  is  an  ante- 
rior dorsal  the  apophysis  present  is  possibly  the  parapophysis,  the  tubercle 
having  rested  on  the  base  of  the  upper  arch. 

That  forms  of  rib  articulation  as  different  as  those  discussed  above  for 
M.  ( "?)  atavus  occurred  in  the  same  region  of  the  vertebral  column  in  variations 
of  the  same  species  or  even  of  the  same  genus  seems  improbable.  It  would 
therefore  appear  that  we  are  dealing  either  with  different  parts  of  the  verte- 
bral column  of  similar  individuals,  or  with  quite  different  generic  or  specific 
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Figs.  61-646.  M ixosau rus ( ? )  atavus  (Quenstedt).  Vertebrae  natural  size.  Fig.  61,  anterior  dorsal  or  posterior 
cervical;  fig.  62,  middle  caudal  or  middle  dorsal;  fig.  63,  posterior  dorsal;  figs.  64a  and  64ft,  from  posterior 
dorsal  or  most  anterior  caudal  region;  figs.  61,  64o,  and  646,  from  rough  sketches  by  the  author;  figs.  62 
and  63,  after  Fraas;  figs.  61-63,  from  specimens  in  the  Ko'nig.  Naturalien-Cabinet,  Stuttgart;  figs.  64a  and 
646,  from  a  specimen  in  the  Polytechnikum,  Zurich. 

types  occurring  together,  as  do  Toretocnemus  and  Merriamta  in  the  Upper 
Triassic  of  California.  Apparently  the  only  other  possible  situation  in  which 
either  of  the  types  of  vertebrae  referred  to  the  posterior  dorsal  region  could 
be  placed  would  be  the  anterior  caudal  region;  and  that  either  form  could  be 
referred  to  this  series  is  improbable  as  chevron  facets  are  not  present,  and  all 
other  Triassic  forms  as  well  as  most  Jurassic  ichthyosaurs  possess  well  devel- 
oped caudal  hypocentra. 

In  the  case  of  Mixosaurus,  in  which  a  division  of  the  rib  heads  is  supposed 
to  occur  in  the  caudal  region,  Yakowlew  (1902,  2)  has  suggested  that  the  rib 
articulations  were  originally  single-headed,  and  that  a  division  into  two  heads 
began  in  the  caudal  region  owing  to  the  influence  of  the  peculiarly  powerful 
lateral  movements  of  the  tail  in  swimming.  Having  in  mind  the  desirability  of 
determining  the  nature  of  the  rib  articulations  in  the  pelvic  region  of  Mixo- 
saurns,  the  writer  has  examined  a  number  of  the  excellent  specimens  at  Milan. 
This  examination  shows  that  in  some  cases,  at  least,  the  short  ribs  near  the 
pelvic  region  or  the  base  of  the  tail  have  broad,  undivided  heads,  as  in  the 
shastasaurian  forms  of  the  American  Trias.  In  other  instances  ribs  belonging 
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to  the  anterior  caudal  region  seemed  actually  to  show  a  beginning  division  of 
the  articular  face.  In  one  case,  where  the  evidence  seemed  strongest,  the 
apophysis  on  the  vertebral  centrum  showed  also  some  indication  of  division. 
It  should,  however,  be  noted  that  even  in  this  instance  the  evidence  hardly 
warrants  a  definite  statement  that  double  articulation  occurs,  as  the  side  of  the 
vertebral  centrum  is  badly  broken  up,  and  does  not  present  a  satisfactory 
sin-face  on  which  to  make  a  thoroughly  trustworthy  observation.  The  heads 
of  these  ribs  arc  moreover  not  fully  exposed,  and  it  is  not  impossible  that  fur- 
ther preparation  with  a  needle  will  show  that  the  apparent  gap  between  the 
head  and  tubercle  is  filled  by  a  bridge  of  bone  covered  by  matrix  lying  in  the 
extension  of  a  lateral  groove.  It  is  also  worth  noting  that  ribs  with  heads 
formed  as  these  appear  to  be  as  they  are  shown  in  the  matrix,  could  not  come 
into  direct  articulation  with  the  diapophysis  without  elevating  the  shaft  above 
the  level  of  the  other  ribs. 

In  the  case  of  the  American  Triassic  genera,  careful  search  has  been  made 
to  determine  whether  any  division  of  rib  heads  in  the  posterior  dorsal  or  caudal 
region  could  be  discovered  in  any  type  excepting  Toretocnemus.  In  the  poste- 
rior dorsal  region  the  rib  heads  are  found  to  be  generally  very  broad,  but  show 
no  indication  of  incipient  division.  In  the  caudal  ribs  no  evidence  of  division 
of  the  head  has  been  observed. 

From  the  evidence  available,  some  doubt  must  exist  as  to  the  true  character 
of  the  rib  articulation  in  the  ancestral  ichthyosaur.  In  all  Triassic  types 
excepting  Toretocnemus  and  certain  forms  of  the  M.(1)  atavus  group  the 
articulation  is  predominatingly  unicipital.  In  all  post-Triassic  forms  the  artic- 
ulation is  mainly  bicipital.  If  the  double-headed  articulation  is  primitive, 
such  forms  as  Cymbospondylus,  Mixosaiims,  Delphi i/oxtiurus,  and  Shastasaurus 
are  presumably  not  in  the  direct  line  of  descent,  and  the  later  ichthyosaurs  are 
probably  to  be  derived  from  some  such  form  as  .¥.(?)  atavus  or  Toretocne- 
iii  UK.  If  the  unicipital  articulation  is  primitive  either  Cymbospondylus  or 
Mixosaurus  might  stand  near  the  line  of  descent. 

As  far  as  the  known  relationships  of  the  Ichthyosauria  are  concerned,  there 
seem  to  be  no  particularly  strong  reasons  for  considering  that  either  of  the 
known  types  of  articulation  must  be  the  primitive  one.  Single-headed  ribs 
are  perhaps  the  rule  in  the  primitive  Diaptosauria,  but  incipient  bicipital  ar- 
ticulation seems  to  be  present  in  Kadaliosaurus.  In  the  Phytosauria,  which 
have  been  considered  as  probably  very  closely  related  to  the  Ichthyosauria, 
the  rib  articulation  is  markedly  double-headed  in  the  cervical  and  dorsal  re- 
gions. If  the  ancestry  of  the  ichthyosaurian  group  be  pushed  back  far 
enough  so  that  its  origin  may  be  considered  to  represent  as  early  a  date  as 
that  of  the  Diaptosauria,  the  ichthyosaurs  must  be  supposed  to  have  originated 
from  some  branch  not  far  from  the  original  cotylosaurian  stem. 
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Excepting  Torcfoniemus,  some  of  the  M.(  ?)  atai'nx  specimens,  and  a  doubt- 
ful division  of  the  posterior  dorsal  and  anterior  caudal  rib  heads  in  Mixomurus, 
double-headed  articulation  in  the  Triassic  forms  is  limited  to  the  most  anterior 
region  of  the  column,  and  in  this  region  it  becomes  less  pronounced  in  passing 
back  from  the  most  anterior  cervicals.  In  the  region  of  the  thorax,  where 
the  ribs  are  long  and  are  particularly  influenced  by  the  movements  of  the  lungs, 
they  have  a  single  head.  The  Ichthyosauria  being  purely  aquatic',  high-sea 
animals  may  have  remained  under  water  for  a  considerable  period  at  times, 
and  have  required  a  large  intake  of  air  before  submergence,  and  full  inspir- 
ation on  returning  to  the  surface.  In  the  Cetacea,  living  under  somewhat 
similar  conditions,  we  find  the  most  specialized  forms  showing  a  tendency  to 
reduce  the  rib  articulation  of  the  dorsal  region  to  a  single  head.  This  head 
is  in  the  cetaceans,  as  in  the  shastasurian  ichthyosaurs,  the  upper  head  or  the 
one  allowing  the  widest  excursion  of  the  ribs  in  inspiration.  In  the  Cetacea 
it  may  be  noticed  also  that  the  reduction  of  the  lower  rib  heads  takes  place 
progressively  forward,  or  occurs  last  in  the  most  anterior  ribs,  as  in  Shctsla- 
saurus.  In  the  shastasaurs  a  number  of  distinctly  double-headed  ribs  have 
remained  in  the  anterior  region  of  the  column.  In  the  whales  there  being 
no  cervical  ribs  the  double  articulation  may  show  an  apparently  more  extreme 
reduction. 

In  the  Cetacea  where  the  capitu- 
lum  has  become  reduced,  the  tubercu- 
lum  is  usually  only  loosely  attached, 
allowing  the  greatest  possible  move- 
ment. In  Shastasaurus  the  single 
rib  articulation  of  the  dorsal  region 
is  marked  by  the  development  of  an 
angle  or  prominence  on  the  rib  head 
and  on  the  diapophysis.  The  artic- 
ulations are  so  situated  on  both  faces 
that  .the  upper  portion  of  the  rib  head 
and  diapophysis  turn  away  from  each 
other,  leaving  a  gap  which  was  evi- 
dently partly  filled  in  with  cartilage  or  connective  tissue  (fig.  66).  The 
cutting  out  of  space  between  the  upper  portion  of  the  rib  and  the  diapophysis 
permitted  a  rocking  movement  of  the  rib  head  of  such  a  nature  as  to  allow  ex- 
traordinary elevation  of  the  distal  end  of  the  rib  shaft,  and  without  reducing  the 
head  to  abnormally  small  dimensions. 

A  careful  examination  of  the  vertebral  rib  articulation  in  the  cervical  and 
anterior  dorsal  regions  of  Shastasaurus  and  of  most  specimens  of  Cymbospon- 
dylus  suggests  most  strongly  that  in  passing  backward  through  the  series  the 


66a 

Figs.  66a  and  666.  Shastasaurus  altisjrinus  Merrmm. 
Middle  dorsal  vertebra  and  rib,  illustrating  rib  artic- 
ulation, X  %.  Fig.  66rt,  lateral  view  of  centrum; 
fig.  666,  anteroposterior  profile  of  centrum  and  rib. 
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parapo])liysis  is  gradually  disappearing,  and  the  articulation  is  becoming  solely 
tubercular  or  diapopliysial.  Yakowlcw  (1902,  1)  lias  suggested  that  the  bicip- 
ital  articulation  in  Ichthyosauria  has  arisen  through  the  splitting  of  single- 
headed  ribs,  or  by  atrophy  of  the  median  region  of  the  head.  If,  however,  the 
double-headed  rib  is  derived  from  a  single-headed  form  by  reduction  of  the 
middle  portion  of  the  head,  the  reduction  would  probably  not  begin,  as  it  does 
in  the  anterior  dorsal  region  of  Skastasaurus,  by  separation  of  a  small  and 
apparently  functionless  tubercle  some  distance  away  from  the  main  rib  head 
(fig.  57).  The  division  would  occur  according  to  this  method  by  gradual  con- 
striction of  the  rib  head  until  a  small  space  came  to  exist  between  two  large 
and  functional  heads.  Though  such  a  condition  occurs  in  other  reptilian 
groups,  it  has  not  thus  far  been  known  to  exist  in  the  Triassic  Ichthyosauria. 

In  Shastasaurus  and  Cymbospondylus  the  parapophyses  generally  remain 
about  the  same  distance  from  the  diapophysis  no  matter  how  large  they  are. 
Though  the  diapophysis  gradually  increases  in  height,  the  lower  border  never 
meets  the  parapophysis.  In  passing  backward  through  the  series  the  diapo- 
physes gradually  increase  in  size  and  the  parapophyses  decrease  in  size  till  the 
latter  disappear,  but  at  the  point  of  disappearance  the  parapophyses  are  not 
absorbed  into  the  diapophyses.  The  only  case  which  might  be  considered  as 
an  exception  to  this  rule  is  that  of  a  specimen  of  Cymbospondylus  (fig.  58)  in 
which  large  parapophyses  are  present  back  to  the  twelfth  centrum.  On  the 
thirteenth  centrum  the  diapophyses  are  much  increased  in  size,  while  the 
parapophysis  has  disappeared  on  one  side  and  is  represented  only  by  a  rudi- 
ment on  the  other  side.  The  diapophyses  on  the  thirteenth  centrum  are  also 
of  a  peculiar  form,  being  swting  backward  instead  of  forward.  The  para- 
pophyses do  not  gradually  approach  the  diapophyses  on  this  specimen  but  are 
separated  from  them  by  a  nearly  uniform  space. 

If  the  double  articulation  has  arisen  from  a  single  articulation  in  the  forms 
described  above  it  must  have  come  in  most  cases  through  addition  of  an  entirely 
independent  rib  head,  and  an  inferior  or  parapophysial  tubercle.  This  would 
mean  that  in  the  case  of  the  rudimentary  structures  in  the  anterior  dorsal  region, 
both  parapophysis  and  lower  rib  head  appeared  and  developed  to  a  considerable 
size  before  they  could  have  any  important  function;  and  that  the  local  condi- 
tions requiring  a  lower  tubercle  have  progressed  from  the  anterior  cervical  to 
the  anterior  dorsal  region  in  Shastasanrus,  or  to  the  posterior  dorsal  region  in 
Ichthyosaurus  and  Bapta/nodon. 

In  view  of  what  has  been  said  above,  it  seems  less  probable  that  the  double 
articulation  in  the  anterior  dorsal  region  of  the  Shastasaurinae  is  incipient 
than  that  it  is  rudimentary;  and  it  is  possibly  in  order  to  consider  the  forms 
exhibiting  this  type  of  rib  articulation  as  a  side  branch  of  the  Ichthyosauria, 
which  early  developed  a  tendency  to  reduce  the  dorsal  ribs  to  a  single  head. 
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ABDOMINAL  RIB  PLASTKOX. 

Elements  of  the  abdominal  rib  plastron  are  known  with  nearly  all  of  the 
Triassic  forms,  but  are  in  most  cases  scattered  or  disturbed  to  such  an  extent 

that  their  arrangement  cannot  be  clearly  de- 
termined.  In  one  specimen  of  Cymbospon- 
dylus  petritius  a  portion  of  the  rib  plastron 
shown  in  fig.  65  was  preserved  without  dis- 
placement of  the  elements.  Each  transverse 
series  consists  of  a  broadly  V-shaped  median 
piece  and  two  lateral  pieces.  The  median  ele- 
ment is  not  divided  into  two  parts  as  in  some 
forms  of  Ichthyosaurus,  but  is  produced  for- 
ward as  a  prominent  knob  at  the  point  of  un- 
ion of  the  lateral  arms.  All  of  the  elements 
of  the  plastron  seem  to  be  heavier  and  more 
robust  than  in  Ichthyosaurus.  On  this  speci- 
men there  seem  to  be  two  transverse  series  of 

.  ...     Cymbospondym  petnnus  Leidy.   Ab- 
dominal rib  plastron,  x  %0-  abdominal  ribs  for  each  pair  of  true  ribs. 

In  Mixosaurus  the  nature  of  the  abdominal  ribs  is,  according  to  Repossi's 
figures  (Repossi,  1902,  tav.  8,  fig.  1,  and  tav.  9,  fig.  1),  much  as  in  Cymbospon- 
dylus,  excepting  that  the  elements  are  possibly  less  robust,  and  the  anterior  pro- 
jection of  the  median  pieces  is  acuminate,  and  is  longer. 

LIMB  ARCHES. 

The  Triassic  Ichthyosauria  differ  generally  from  the  later  types  in  the  closer 
agreement  in  size  of  the  corresponding  elements  in  the  two  limb  arches. 
Though  there  are  some  notable  exceptions,  as  in  Mixosaurus  and  Merriamia, 
the  anterior  and  posterior  limbs,  and  consequently  the  pectoral  and  pelvic 
arches  do  not  differ  as  widely  in  size  as  they  are  commonly  seen  to  do  in 
Ichthyosaurus  and  the  later  genera.  A  second  difference  generally  distin- 
guishing the  arches  of  the  earlier  forms  is  found  in  the  greater  expansion 
of  most  of  the  elements,  particularly  of  the  pelvic  arch.  The  large  size  and 
more  robust  character  of  the  elements  of  the  pelvic  girdle  are  to  be  interpreted 
as  directly  indicating  greater  efficiency  of  the  posterior  limbs.  The  greater 
strength  of  the  hind  limbs  probably  indicates  less  effectiveness  in  the  caudal 
fin.  The  anterior  arch  as  a  whole  is  heavy,  but  is  not  stronger  than  the  arch 
of  some  forms  of  Ichthyosaurus. 

Pelvic  Arch. — In  most  cases  the  elements  of  the  pelvis  differ  so  far  from 
the  corresponding  bones  of  post-Triassic  forms  that  they  might  readily  be 
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considered  as  representing  a  quite  different  reptilian  group.  This  is  particu- 
larly true  of  the  two  inferior  elements,  which  are  much  broadened,  and  show 
the  expanded  plate-like  form  seen  in  some  of  the  most  primitive  reptilian  types. 
The  ilium  as  known  in  Torctonicmus  (fig.  69)  appears  to  be  considerably 
elongated  and  is  relatively  slender.  In  Ci/niboKi>oii(lifltin  (fig.  70)  the  ilium  is 
somewhat  shorter  and  is  considerably  expanded  distally.  As  seen  in  specimen 
9950,  in  which  the  elements  of  the  pelvic  arch  seem  to  have  held  together,  the 
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Fig.  67.  ProcoJo/ilion  trigoniceps  Owen.  Pelvis,  natural  size.  (After  Broom.)  Pu,  pubis;  Is, 
ischium;  O.f.,  obturator  foramen. 

Fig.  68.  Stereosternwm  tumidum  Cope.  Pelvis,  natural  size.  (After  Osborn.)  Pu,  pubis;  Is,  isch- 
ium ;  O.f.,  obturator  foramen. 

Fig.  69.  Toretocnemus  calif ornicus  Merriam.  Pelvis,  natural  size.  Pu,  pubis;  Is,  ischium;  //, 
ilium ;  O.f.,  obturator  foramen. 


ilium  is  turned  forward  at  the  proximal  end.  Nearly  the  same  form  of  ilium 
is  present  in  Delphinosaurus  (fig.  72)  and  Shastasaurus  (fig.  73).  In  DelpM- 
iiosaurus  there  is  on  the  posterior  side,  near  the  proximal  end,  a  small  tubercle 
which  does  not  appear  in  any  of  the  other  forms,  and  reminds  one  of  the  ante- 
rior extension  of  the  upper  portion  of  the  ilium  in  land  or  shore  forms  with 
a  strong  sacral  attachment. 

All  of  the  Triassic  genera  agree  in  the  broad  expansion  of  the  distal  portion 
of  the  pubis,  but  there  is  among  them  a  considerable  variation  in  the  form  of 
the  proximal  end  of  the  bone.  According  to  Repossi  (1902,  tav.  9,  fig.  3),  in 
Mijcosdiirns  (fig.  71)  the  strongly  curved  median  margin  of  the  pubis  bends 
into  the  proximal  end  of  the  bone  without  the  formation  of  a  hook,  and  there 
appears  to  be  no  opening  corresponding  to  the  obturator  foramen.  In  Tore- 
tocnemus the  pubis  is  very  broad  proximally  as  well  as  distally,  and  is  perfor- 
ated by  an  obturator  foramen.  In  Cymbospondylus  an  obturator  foramen 
may  be  present  as  in  Toretocnemus.  In  some  cases  the  opening  may  possibly 
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Fig.  70.     Cymbospondylus  petrinus  Leidy.     Pelvis,   X  %,     Pu,  pubis;   Is,  ischium;   //,  ilium;    O.f., 
obturator  foramen. 

Fig.  71.     Mixosaurus  cornaHanus  (Bassani).    Pelvis,  natural  size.    (After  Repossi.)     II,  ilium;  Pu?, 
pubisf;  Is?,  ischium?. 

Fig.  72.     Delphinosaurus  perrini  Merriam.     Pelvis,  X  %•     Pit,  pubis;  /*,  ischium;  II,  ilium. 
Fig.  73.     Shastasaurus  osmonti  Merriam.     Pelvis,    X  %.    Pu,  pubis;  7s,  isrhium;  //,  ilium. 
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be  incompletely  surrounded  by  a  broad,  recurved  book  formed  by  the  much 
expanded  median  side  of  the  blade  as  in  S1i<ist(i*<ittrux.  In  Del  i>liinnx(innix 
and  SlHixInsatn-tiK  the  pubis  is  much  expanded  distally,  and  the  expanded 
middle  portion  curves  backward  so  as  to  form  a  very  prominent  hook. 

The  form  of  the  ischium  is  less  variable  than  that  of  the  other  elements. 
In  all  cases  it  is  an  expanded  plate-like  element  without  distinctly  marked 
tuberosities  or  constrictions.  It  shows  the  greatest  transverse  expansion  in 
Cymbospondylus,  in  which  in  some  instances  the  width  almost  equals  the  length 
(see  fig.  134,  p.  120).  The  narrowest  form  is  seen  in  Toretocnemus,  though  the 
expansion  is  considerable  even  in  that  genus. 

The  character  of  the  pelvis  in  the  Triassic  Ichthyosauria  much  resembles 
that  of  the  early  diaptosaurian  reptiles,  particularly  in  the  nature  of  the  in- 
ferior or  ischio-pubic  portion.  The  upper  portion  of  the  ilium  is  less  robust 
than  in  the  Protorosauria  and  Pelycosauria,  but  not  less  so  than  in  the  Pro- 
ganosauria,  Choristodera,  and  Rhynchocephalia.  The  pubis  and  ischium  of 
Toretocnemus  resemble  the  corresponding  bones  of  Stereosternum  (fig.  68)  in 
all  but  minor  details  of  outline,  and  so  far  as  can  be  determined  the  ilium  is 
also  similar.  In  Procoloplwn  (fig.  67)  the  inferior  elements  are  like  those 
of  Toretocnemus,  though  the  form  of  the  pubis  is  more  nearly  circular.  In 
Champsosaurus  the  ischium  is  similar  and  the  pubis  is  perforated  by  an  obtu- 
rator foramen.  From  the  inferior  elements  of  the  arch  in  Palaeohatteria, 
Toretocnemus,  and  Cymbospondylus  differ  mainly  in  the  presence  of  a  closed 
obturator  foramen  instead  of  an  obturator  notch.  Excepting  Toretocnemus 
and  Cymbospondylus  all  of  the  American  Triassic  genera  resemble  Palaeo- 
hatteria in  the  general  form  of  the  ischium,  and  in  the  development  on  the 
pubis  of  a  posterio-median  hook  bordering  an  obturator  notch.  Of  the  known 
forms,  Mixosaurus  is  the  only  one  in  which  neither  foramen  nor  notch  appears 
in  the  pubis,  though  otherwise  the  form  of  the  element  here  differs  but  little 
from  that  in  the  other  genera. 

As  has  previously  been  suggested  by  the  writer  (1902,  2,  p.  86),  though  the 
pelvis  of  the  Triassic  Ichthyosauria  shows  some  resemblance  to  that  of  the 
Plesiosauria,  the  form  shown  here  denotes  mainly  a  less  complete  accommo- 
dation of  the  skeleton  as  a  whole  to  aquatic  conditions,  than  we  find  in  the 
Jurassic  ichthyosaurs.  Koken23  has  seemed  to  imply  that  the  plate-like  pelvis 
of  Shastasaurus  is  not  primitive,  but  represents  a  peculiar  accommodation. 


23  Koken,  E.,  N.  Jahrb.  f .  Min.  Geol.  Palae.    Bd.  1,  p.  149,  1906. 

"Das  Becken  von  Ichthyosaurus  ist  nicht  eigentlich  angepasst;  es  durchlauft  eine  Reihe  von  Veranderun- 
gen,  welehe  seinen  Funktions-wert  mehr  und  mehr  herabsetzen ;  gerade  bei  Shastasaurus  liegt  Anpassung  vor, 
wie  bei  Plesiosauriern,  well  wahrscheinlich,  das  geht  aus  den  Eesten  der  kraftigen  Hinterextremitiit  hervor,  diese 
ein  wichtiges  Lokomotionsorgan  blieb. " 

The  view  expressed  by  Koken  is  possibly  not  intended  to  be  materially  different  from  that  of  the  writer  as 
given  above;  though  taken  with  the  context  it  appears  to  be  a  criticism  of  the  writer's  suggestion  that  the  form 
of  the  pelvis  indicates  "less  complete  accommodation  of  the  shastasaurian  skeleton  to  purely  aquatic  conditions 
than  we  find  in  the  Jurassic  Ichthyosaurus." 
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The  question  as  to  what  constitutes  a  primitive  character  is  not  always 
readily  determined,  but  it  would  seem  that  in  this  case  there  could  be  no  mis- 
understanding. The  course  of  evolution  of  the  Ichthyosauria  has  led  quite 
definitely  up  to  a  form  in  which  the  principal  motive  power  came  to  be  ex- 
erted through  the  caudal  fin,  and  as  the  tail  became  more  powerful  the  hind 
limbs  were  reduced  in  size  and  strength  until  their  function  amounted  almost 

to  nothing.  In  all  of  the  recognized  divi- 
sions of  the  Ichthyosauria,  even  in  the  spec- 
ialized Shastasaurinae,  the  tendency  to  de- 
velopment of  a  powerful  sculling  tail  seems 
to  have  been  the  same,  and  the  ultimate  re- 
sult of  evolution  if  continued  long  enough 
must  have  been  the  reduction  of  the  hind 
limbs.  In  the  course  of  this  reduction  of  the 
limbs,  the  arches  have  been  reduced,  until  in 
the  latest  type  the  rudimentary  ischium  and 
pubis  are  fused.  Inasmuch  as  evolution  of 
the  particular  kind  seen  in  the  ichthyosaurs 
leads  to  great  reduction  or  loss  of  the  pelvis, 
a  posterior  arch  in  which  the  elements  have 
approximately  the  form  and  relative  size 
seen  in  the  primitive  reptiles,  and  are  associated  with  a  large  limb,  may  well 
be  said  to  be  more  primitive  than  that  of  Ichthyosaurus. 

In  the  course  of  the  reduction  of  the  arch  in  the  various  divisions  of  the 
Ichthyosauria,  it  is  to  be  expected  that  slightly  varying  forms  would  be  as- 
sumed. That  some  of  the  variations  which  were  in  vise  while  the  posterior  limb 
was  large  and  functional  might  represent  some  slight  phase  of  special  adapt- 
ation is  true,  though  the  contention  of  the  writer  as  previously  expressed  has 
not  been  that  the  pelvis  itself  was  more  primitive,  but  that  it  indicated  less 
complete  accommodation  of  the  skeleton  as  a  whole  to  purely  aquatic  condi- 
tions than  we  find  in  the  Jurassic  Ichthyosaurus.  That  the  pelvis  considered 
by  itself  might  be  assumed  to  be  really  more  primitive  than  in  the  later  Ich- 
thyosauria appears  also  to  be  true,  when  we  consider  the  extent  to  which  the 
pelvic  arches  of  all  Triassic  genera  resemble  the  type  of  pelvis  seen  in  most  of 
the  early  Diaptosauria. 

Pectoral  Arch. — The  shoulder  girdles  of  the  earlier  ichthyosaurs  resemble 
that  of  Ichthyosaurus  in  strength  and  compactness,  but  differ  generally  in  the 
form  of  the  individual  elements.  The  only  bone  which  is  known  to  be  con- 
stantly different  is  the  scapula.  This  is  always  much  expanded  distally  com- 
pared with  the  form  in  all  post-Triassic  species.  The  interclavicle,  which  is 
certainly  known  only  from  Mixosaurus,  is  nearly  triangular,  instead  of  T- 


Fig.  74.     Ichthyosaurus    communis    Conybeare. 

Pelvis,   X  %•     Pu,  pubis ;   Is,  ischium ;    //, 

ilium.     (After  Woodward.) 
Fig.  75.     Opthalmosaurus  icenicus    Seeley.     Is- 

chio-pubic  bone,  about  %  natural  size.    Pu, 

pubis;  Is,  ischium;  O.f.,  obturator  foramen. 

(After  Andrews.) 
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shaped  with  a  slender  median  stein  as  in  the  later  genera.  The  coracoid  and 
clavicle  may  resemble  the  corresponding  bones  in  certain  species  of  Icltllii/o- 
minrux,  but  are  generally  distinguished  by  features  which  are  particularly 
characteristic  of  Triassic  genera. 
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Fig.  76.     Cymbospontlylus  petrinus  Leidy.     Pectoral    arch,    X  %.      Sc,   scapula;    Co,   coracoid;    Cl, 

clavicle. 
Fig.  77.     Shastasaiirus    osmonti   Merriam.      Pectoral   arch,    X  %.     Sc,    scapula;    Co,   coracoid;    Cl, 

clavicle. 

Fig.  78.     Delphinosaurus  perrini  Merriam.     Pectoral  arch,  X  %.    Sc,  scapula;  Co,  coracoid. 
Fig.  79.     Merriamia  zitteli   (Merriam).     Pectoral  arch,  X  %.    Sc,  scapula;  Co,  coracoid. 
Fig.  80.     Mixosaunts  cornalianus  (Bassani).     Pectoral  arch,   X  %•     Sc,  scapula;   Co,  coracoid;   Cl, 

clavicle;  Id,  interclavicle.     (After  Repossi.) 

In  Mizosaurus  and  Shastasaurus  the  coracoid  is  narrowed  or  pedunculate 
proximally,  as  in  Ichthyosaurus  communis  and  in  the  early  Liassic  species 
generally.  In  Cymbospondylus  and  Delphinosaurus  it  is  broadly  sickle-shaped, 
the  Cymbospondylus  type  being  distinguished  by  an  anterior  perforation.  In 
M.erriamia  the  coracoid  is  nearly  elliptical  without  constriction  or  emargina- 
tion,  somewhat  as  in  Ichthyosaurus  integer.  As  far  as  has  been  determined,  the 
natural  groups  into  which  the  Ichthyosauria  of  the  Triassic  seem  to  fall  do  not 
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show  more  uniformity  in  the  character  of  the  coracoid  than  is  seen  in  the  ichthy- 
osaurian  groups  represented  in  the  Jurassic.  There  is,  however,  a  general  ten- 
dency toward  narrowing  of  the  proximal  portion  much  as  is  common  in  the 
forms  of  the  Lower  Lias. 

The  scapula  in  all  known  Triassic  ichthyosaurs  is  relatively  broad  distally, 
and  in  most  of  the  genera  as  Mi.rosditnts,  Shastasaurus,  and  Merrinmia  the 
broad  distal  blade  with  an  anterior  hook  shows  considerable  resemblance  to 
the  form  seen  in  the  Mosasauria.  In  Delphinosaurm  the  same  form  of  distal 
expansion  is  seen,  but  the  proximal  region  of  the  anterior  margin  is  not  cut 


81  82  83 

Fig.  81.     Mixosaurus(^)   atavus   (Quenstedt).     Intrrclavicle,  X  %.     (After  von  Huene.) 
Fig.  82.     Mixosaurus  cornalianus   (Bassani).     Intorclavicle,  X  Mi-     (After  von  Huene.) 
Fig.  83.     Ichthyosaurus  quadriscissus  Quenstedt.     Interclavicle,  X  ¥>.     (After  von  Huene.) 

out  so  as  to  produce  an  anterior  hook.  In  Gymbospondylus  the  form  of  the 
element  is  more  like  that  in  Ichthyosaurus,  though  the  distal  end  is  very  much 
broader  and  the  proximal  region  of  the  anterior  side  is  much  enlarged. 

The  clavicle  of  Cymbospondylus  appears  to  be  considerably  more  expanded 
in  the  middle  than  in  other  forms.  In  Mixosaurus  this  element  is  rather 
slender  excepting  at  the  median  end.  The  clavicle  of  Shdstdsdttrus  is  slender. 

It  is  rather  remarkable  that  the  interclavicle  is  not  recognized  on  any 
American  specimen  representing  the  Triassic  Ichthyosauria ;  excepting  pos- 
sibly the  type  of  Merriamia,  in  which  its  form  is  not  clearly  shown.  In  Mi.ro- 
xdunts  it  is  markedly  broader  than  in  the  later  forms,  and  might  better  be 
denominated  triangular  than  T-shaped  as  in  Ichthyosaurus.  Von  Huene  (1902, 
p.  11)  has  described  from  the  Wellenkalk  near  Calev  a  thick  triangular  bone 
which  he  recognizes  as  an  ichthyosaurian  episternum.  Placed  in  series  with 
the  interclavicles  of  Mixosaurus  and  Ichthyosaurus  quadriscissus,  as  has  been 
done  by  von  Huene  (figs.  81-83),  there  appears  a  very  marked  shrinking  of 
the  originally  triangular  element  to  the  three  radii  of  the  triangle  in  Iclill///- 
osaurus. 

The  shoulder  girdle  of  the  earliest  known  representatives  in  the  Triassic  was 
already  considerably  specialized  in  accommodation  to  the  necessary  functions 
of  the  fairly  large  paddles.  The  degree  of  specialization  seen  in  this  arch  is 
probably  greater  than  in  the  pelvis,  inasmuch  as  the  anterior  limbs  being 
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farther  away  from  the  caudal  fin,  interfere  to  a  less  extent  with  the  movement 
of  the  tail,  and  have  a  more  definite  and  permanent  value  in  the  swimming 
mechanism  of  the  animal.  It  might  therefore  be  considered  at  the  outset  as 
a  more  difficult  matter  to  determine  affinities  by  the  use  of  these  elements  than 
by  comparison  of  the  bones  of  the  pelvis. 
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Fig.  84.     Ichthyosaurus  commuiiin  Conybeare.     Pectoral  arcli,  much  ivduccil.    .S'c,  scapula;  Co,  cora- 

coid;   Cl,  clavicle;  Id,  interclavicle.     (After  Woodward.) 
Fig.  85.     Baptanodon  discus  Marsh.     Pectoral  arch,  X  l/iu-    Sc,  scapula;  Co,  coracoid;  Cl,  clavicle; 

Id.,  interclavicle;  H,  humerus.     (Aftei  Gilmore.) 

Probably,  for  the  reasons  given  above,  the  anterior  arch  of  the  Triassic 
ichthyosaurs  does  not  show  the  degree  of  correspondence  with  the  pectoral 
girdle  of  early  diaptosaurians  that  is  generally  evident  in  comparison  of  the 
posterior  girdle  with  that  of  these  forms.  There  is  really  no  one  of  the  diapto- 
saurian  groups  in  which  the  correspondence  is  known  to  be  as  close  in  the 
anterior  arch  as  it  is  in  the  posterior  one.  In  Stereosternum  (fig.  87)  the 
anterior  arch  is  not  perfectly  known,  but  the  coracoid  appears  to  be  oval  and 
imperforate  in  the  young,  and  of  somewhat  similar  form  but  perforate  in  the 
adult.  The  supposed  scapulae  of  a  young  individual24  are  semi-lunar  in  form, 
and  the  interclavicle  shows  a  diamond-shaped  expansion  at  the  anterior  end  of 
a  long  and  slender  shaft.  In  Palaeohatteria  (fig.  86)  the  coracoids  are  small 
and  discoidal,  the  interclavicle  is  closely  similar  to  that  of  Stereosternum,  and 
the  scapula  seems  to  differ  mainly  in  the  lack  of  excavation  of  the  posterior 
border. 

In  comparison  with  the  above  forms  the  broadly  triangular  interclavicle  of 
Mixosaurus  suggests  the  expanded  anterior  end  of  this  element  in  Stereoster- 
num and  Palaeohatteria,  though  the  differences  are  considerable.  The  scapula 
of  Stereosternum  resembles  that  of  Delphinosaurus,  the  broad  perforated 
coracoid  is  a  little  like  the  perforated  coracoid  of  Cymbospondylus,  and  the 
imperforate  oval  form  corresponds  to  the  type  seen  in  Merriamia.  There  is  no 

single  ichthyosaurian  form  in  which  all  of  the  characters  of  Stereosternum  or 
/ 

"  Osborn,  H.F.,  Mem.  Am.  Mus.,  vol.  I,  p.  487. 
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of  Palaeohatteria  are  seen.  As  near  an  approach  to  the  form  of  the  pectoral 
girdle  of  a  Triassic  ichthyosaur  as  is  known  is  found  in  the  Proganosauria. 
In  Champsosaurus  (fig.  89)  the  girdle  is  not  markedly  different  from  the  ante- 
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Fig.  86.  PalaeojMtteria.  Pectoral  arch.  Sc,  scapula;  Co,  coracokl;  Cl,  clavicle;  Id,  interclavicle. 
(After  Credner.) 

Fig.  87.  Stereosternum  tumidum  Cope.  Pectoral  arch,  X  2.  Sc,  scapula;  Co,  coracoid;  Id,  inter- 
clavicle;  H,  humerus.  (After  Osborn.) 

Fig.  88.  Thalattosaurus  alexandrae  Merriam.  Pectoral  arch  and  limb,  X  %.  Sc,  scapula;  Co, 
coracoid;  H,  humerus;  K,  radius. 

Fig.  89.  Champsosaurus  laramiensis  Brown.  Pectoral  arch,  X  %•  Sc,  scapula;  Co,  coracoid. 
(After  Brown.) 

rior  arch  of  Cymbospondylus  so  far  as  known.  The  scapula  has  nearly  the 
same  form  lacking  only  some  of  the  distal  expansion  seen  in  Cymbospondylus. 
The  coracoid  of  Champsosaunis  is  perforated  as  in  Cyntbospondylus,  but  is 
more  nearly  elliptical,  instead  of  sharply  excavated  on  the  postero-lateral  bor- 
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der.  The  clavicles  are  large  in  both  forms.  The  interclavicle  of  Cliii>ii]>uosaur- 
IIN  is  T-shaped  as  in  Ichthyosaurus,  hut  this  element  is  unknown  in  ('i/nib(^i>oii- 
dylus. 

Tlie  type  of  arch  seen  in  the  Triassic  ichthyosaurs  seems  to  approach  most 
closely  the  form  seen  in  the  Diaptosauria,  but  owing  to  important  changes  in  the 
functions  of  the  anterior  limb  in  adaptation  to  natation,  it  has  come  to  vary  con- 
siderably from  that  type  in  most  cases. 

LIMBS. 

As  early  as  the  Triassic  the  amount  of  differentiation  shown  in  the  limb 
structure  of  the  Ichthyosauria  is  surprisingly  large,  and  apparently  indicates 
that  several  fairly  distinct  lines  of  evolution  or  adaptation  had  been  laid  down. 
Excepting  the  greatly  specialized  shastasaurian  species  of  the  uppermost 
portion  of  the  Upper  Trias  there  is,  however,  in  all  of  these  varied  forms  an 
interesting  group  of  characters  which  seem  to  interpret  themselves  only  as  per- 
sisting features  of  a  primitive  littoral  ichthyosaurian  with  extremities  having 
functions  quite  different  from  those  of  the  true  Ichthyosaurus. 

In  general  the  limbs  of  Triassic,  ichthyosaurians  are  distinguished  by  the 
following  characters  (see  figs.  90-101)  :  the  epipodial  elements  are  relatively 
long  and  are  separated  by  a  median  space;  in  one  or  both  of  the  epipodials 
there  is  a  tendency  to  show  a  median  constriction ;  the  phalangeal  region  of  the 
limb  is  relatively  short;  hyperdactyly  never  occurs;  hyperphalangy  is  much 
less  pronounced  than  in  the  later  forms;  the  individual  phalanges  are  rela- 
tively long,  they  are  commonly  notched  on  one  or  both  borders  even  in  the 
digits  not  situated  on  the  borders  of  the  limb,  and  may  in  many  cases  show  a 
median  constriction  or  shaft  portion.  Though  it  is  not  true  of  several  of  the 
genera,  the  hind  limbs  are  generally  relatively  large.  In  Toretocnemus  they 
appear  to  be  fully  as  large  as  the  anterior  limbs.  In  Cymbospondylus  and 
Shastasfturux  they  seem  to  have  been  almost  as  large. 

While  most  of  the  above  characters  appear  together  in  nearly  all  of  the 
known  Triassic  forms,  there  have  been  developed  in  the  Triassic  some  limb 
specializations  which  have  eliminated  certain  of  the  primitive  characters  just 
mentioned.  This  is  particularly  true  of  Shastasaurus,  which  is,  however,  a 
very  late  Triassic  form,  and  also  represents  a  peculiar  line  of  limb  speciali- 
zation apparently  not  present  in  the  Jurassic  genera. 

As  nearly  as  can  be  determined,  at  least  two  types  of  limb  structure  are 
represented  in  the  Triassic  genera.  One  form  is  seen  in  the  broad  paddle  of 
Mijrosa-urufi  with  a  long  podiaP  region,  four  proximal  mesopodials,  an  alter- 
nating arrangement  of  the  first  and  second  rows  of  mesopodials,  and  five  digits. 

"  The  word  ' '  podial ' '  is  here  intended  to  represent  the  metapodial  and  phalangeal  regions. 
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Figs.  90-95.     Anterior  limbs  of  Triassic  ichthyosaurs.     II,  humerus;  B,  radius;  V,  ulna;  Cr,  carpal. 

Fig.  90.  Cymbospondylus  petrinus  Leidy,    X  ]{,. 

Fig.  91.  Mixosaurus  cornalianus  (Basaani),   X  M>-     (After  Bepossi.) 
Fig.  92.  Merriamia  eitteli  (Merriam),  X  %. 
Fig.  93.  Dclphinosaurus  perrini  Merriam,  X  % 
Fig.  94.  Shastasaurus  osmonti  Merriam,  X  Ms- 
Fig.  95.  Shastasaurus  careyi  ( 1)  Merriam,  X  % 
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A  se<-ond  form  is  seen  in  the  -rims  Mcn-ninn'ii  with  a  n;im>\v  paddle,  a  rela- 
tively short  podial  region,  three  proximal  mesopodials,  a  linear  arrangement 
of  the  first  and  second  rows  of  mesopodials,  and  but  three  functional  digits. 
In  both  genera  the  characters  mentioned  appear  in  both  anterior  and  posterior 
limbs.  Of  the  four  other  genera  recognized  in  the  American  Trias,  Dc1]>//i- 
nosanrm,  Hli<ixl<is<tin-n*,  and  Torcioniciinis  appear  to  have  a  type  of  limb- 
structure  developed  from  some  form  like  that  seen  in  Mcrriamia.  In  Tore- 
tocneiiHtx,  ill  spite  of  the  fact  that  the  rib  articulation  is  different  from  the 
other  three  genera,  the  limb  structure  is  much  like  that  of  Merriamia.  The 
American  Middle  Triassic  (7ynibos]>ond//li(s  may  have  a  reduced  phalangeal 
formula  as  in  the  Upper  Triassie  genera,  and  might  be  presumed  to  be  related 
to  these  genera.  It  shows  also  a  number  of  characters  much  like  those  of 
Mi.cosaurHs,  and  may  be  nearer  to  that  genus  than  are  the  American  genera 
from  the  Upper  Trias. 

Mixosaurus  and  ('yinb(>*]>f»id/jlns. — Probably  the  oldest  limb  elements 
known  in  the  Trias,  consist  of  some  isolated  mesopodial  or  podial  elements 
and  a  humerus  from  the  Muschelkalk  of  Germany.  The  humerus  which  was 
described  by  Fraas  (1891,  pi.  3,  fig.  5)  is  not  materially  different  from  that  of 
Ichthyosaurus.  These  specimens  occur  in  the  same  beds  with  material  referred 
to  M.  (  ?)  atavus  and  probably  belong  in  one  of  the  forms  included  in  that  group. 

Next  to  the  lower  Muschelkalk  specimens  of  Europe,  the  earliest  limb 
material  is  evidently  that  of  Cymbospondylus  (fig.  90)  from  the  American 
Trias,  closely  followed  in  age  by  Mixosaurus  (fig.  91)  of  the  Italian  Besano 
shales.  The  limb  of  Mixosaurus  is  fortunately  preserved  complete,  showing  all 
of  the  elements  in  position.  In  the  known  specimens  of  Cymbospondylus  the 
podial  region  has  not  thus  far  been  found  undisturbed.  These  two  forms 
represent  the  most  primitive  limb  structure  known  in  the  Ichthyosauria.  As 
the  broad  type  of  limb  is  possibly  represented  in  one  and  the  narrow  type  in 
the  other,  a  comparison  of  the  two  is  necessary  in  order  to  determine  the 
common,  or  primitive  characters. 

The  anterior  and  posterior  limbs  of  Cymbospondylus  were  evidently  not 
greatly  different  in  size,  the  femur  being  apparently  about  one-sixth  shorter 
than  the  humerus.  In  Mixosaurus  the  hind  limb  is  relatively  much  smaller. 
The  humerus  and  femur  of  Cymbospondylus  are  both  relatively  slender  bones 
compared  with  the  corresponding  elements  in  other  ichthyosaurians.  In  Mixo- 
saurus the  femur  is  slender,  but  the  humerus  may  lack  a  median  constriction, 
and  have  a  transverse  diameter  almost  equaling  its  length.  In  both  genera 
the  epipodial  elements  are  relatively  long  compared  with  their  own  transverse 
diameter,  or  with  the  diameter  of  the  proximal  mesopodials.  The  radius  is  in 
both  forms  more  slender  than  in  other  ichthyosaurian  genera,  and  is  much 
narrowed  in  the  median  or  shaft  region.  In  Mixosaurus  the  ulna  is  convex 
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Figs.  96-101.     Posterior  limbs  of  Triassic  iehthyusaurs.     F,  femur;  T,  tibia;  Fb,  fibula;   Tr, 
Fig.  96.     Cymbospondylus  petrinus  Leidy,  X  %.  Fig.  99.     Merriamia  zitteli   (Merriam),  X  V\: 

Fig.  97.     Mixosaurus  cornalianus  (Bassani),  X  %.  Fig.  100.  DelpJiinosaiirns  perrini  Merriara,  X 

(After  Repossi.)  Fig.  101.  Khastasaurus  osmoiili   Merriam,   X 

Fig.  98.     Toretocnemus  califoniicioi    Merriam,    X  %. 
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posteriorly,  having  expanded  somewhat  on  this  side,  as  in  the  limbs  of  most 
aquatic  forms.  In  Cymbosponfyliis  the  posterior  border  is  expanded,  but 
still  shows  a  portion  of  the  median  or  shaft  region  that  has  not  been  filled  out 
by  lateral  expansion. 

In  the  posterior  limb  of  Mi.n>*<ii<n<x  the  propodial  and  epipodial  bones  are 
more  slender,  and  more  strongly  constricted  in  the  median  region  than  are  the 
corresponding  elements  of  the  anterior  limb.  In  Cymbospondylus  the  femur 
is  a  little  more  slender  than  the  humerus;  the  tibia  is  narrower  distally  than 
the  radius,  and  the  fibula  has  much  the  same  form  as  the  ulna. 

In  Mi.r<iMiun{fs  the  proximal  row  of  the  mesopodial  region  in  the  anterior 
limb  consists  of  four  elements  of  which  the  anterior  three  are  the  radiale, 
intermedium,  and  ulnare,  in  their  normal  positions.  The  fourth  is  a  large 
pisiform  set  far  up  against  the  posterior  margin  of  the  ulna.  In  the  typical  Cym- 
l>oNi>(»i(li/lnn  three  proximal  elements  are  known  but  the  form  of  the  posterior 
side  of  the  ulna  suggests  the  presence  of  a  pisiform  as  in  Mixosaurus. 

In  Mi.roNmirus  the  podial  region  consists  of  five  fingers,  the  number  of 
phalanges  in  each  of  which  is  relatively  small  for  an  ichthyosaurian,  not  ex- 
ceeding ten  to  eleven  in  the  median  digits.  Many  of  the  individual  phalanges, 
particularly  those  in  the  proximal  half  of  the  phalangeal  region  and  corre- 
sponding more  nearly  to  the  primitive  phalangeal  elements,  are  slightly  elon- 
gated and  show  notches  on  one  or  both  lateral  margins,  of  such  a  form  as  to 
suggest  an  originally  constricted  shaft  region. 

In  Cymbospondylus  the  podial  elements  have  never  been  seen  in  complete 
series,  but  in  several  instances  specimens  representing  parts  of  limbs  show 
groups  of  three  ossicles  in  rows,  suggesting  that  possibly  we  are  dealing  here 
with  transverse  sections  through  mesopodial  or  podial  regions  with  three  digits. 
The  borders  of  the  rounded  elements  are  not  excavated  or  pitted  as  in  Shastn- 
w(i(ru>i.  (See  figs.  112  and  113.)  In  one  specimen  an  element  similar  to  the 
doubly  notched  phalanges  of  Mixosaurus  is  associated  with  limb  bones. 

Considering  the  common  characters  of  the  limbs  of  these  two  genera,  the 
oldest  of  the  ichthyosaurian  forms,  both  are  seen  to  have  more  primitive  epi- 
podials  than  appear  in  any  of  the  later  genera.  There  is  also  some  suggestion 
that  in  Cymboapondylus,  as  in  Mijcosaurus,  a  largely  developed  pisiform  ele- 
ment was  present  and  in  articulation  with  the  posterior  margin  of  the  ulna. 
In  so  far  as  they  are  known  to  differ,  Cymbospondylus,  apparently  the  older 
genus,  is  more  primitive,  the  humerus  being  more  slender  and  longer  in  com- 
parison with  the  longitudinal  diameter  of  the  mesopodials;  while  the  ulna 
remains  narrower  through  failure  to  close  the  posterior  notch  by  increase  of 
the  transverse  diameter.  Excepting  those  more  primitive  features  of  ('i/nibo- 
nf)(»i<l/j/itN  mentioned  above,  the  limbs  of  Mixosatirus  appear  to  be  the  most 
primitive  ichthyosaurian  extremities  known,  and  may  serve  as  representatives 
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of  the  fundamental  forms  from  which  the  modified  structures  seen  in  the  later 
Ichthyosauria  have  been  derived.  Particularly  is  this  true  of  the  podial 
portion  of  the  limb  which  is  so  well  shown  in  the  Italian  mixosaur  specimens. 

Though  the  suggestion  has  been  made  that  the  most  primitive  form  of  limb 
in  the  Jurassic  Ichthyosauria  possesses  less  than  five  digits,2"  it  is  probable 
that  the  pentadactyl  form  seen  in  Mixosaurus  is  at  least  as  near  the  primitive 
type  as  the  limb  of  any  known  genus.  The  suggestion  that  the  most  primitive 
ichthyosaurian  limbs  have  less  than  five  digits  is  based  on  the  supposition  that 
the  short  first  digit  has  disappeared.  As  the  ichthyosaurian  limb  was  already 
in  Mixosaurus  a  highly  specialized  paddle  it  is  to  lie  presumed  that  if  the  first 
digit  were  to  disappear  at  all,  it  would  have  been  eliminated  before  the  mixo- 
saurian  stage  of  evolution  was  reached.  There  are,  therefore,  the  alternative 
hypotheses  that  the  mixosaur  paddle  retains  the  primitive  five  digits  and  is 
the  most  primitive  known,  or  that  after  having  lost  digit  number  one,  it  has 
brought  the  number  of  phalangeal  rows  up  to  five  again  by  developing  a  digit 
not  represented  in  the  original  five,  and  is  therefore  not  a  particularly  primi- 
tive type. 

In  the  development  of  the  paddle  in  some  aquatic  animals  there  has  been 
a  tendency  to  eliminate  the  first  digit,  but  this  is  by  no  means  always  the  case. 
Judging  from  all  the  suspected  relationships  of  the  Ichthyosauria  there  is  good 
reason  to  suppose  that  the  ancestors  of  this  group  were  forms  possessing  five 
digits.  If  such  be  the  case,  the  general  prirnitiveness  of  the  mixosaurian  limb, 
and  the  fact  that  this  is  the  most  ancient  paddle  of  which  the  podial  region 
is  known,  suggest  that  the  digits  seen  here  are  the  primitive  five  phalangeal 
series. 

Another  possibility,  which  should  perhaps  be  borne  in  mind,  is  that  the 
early  ancestor  possibly  had  only  three  or  four  digits.  From  what  we  know 
of  the  primitive  reptilian  groups  this  seems  improbable,  but  the  fact  that  all 
of  the  genera  of  the  American  Upper  Triassic  show  a  paddle  structure  of  this 
nature,  and  that  there  is  reason  for  suspecting  the  occurrence  of  a  similar 
structure  in  the  Middle  Triassic  Cymbospondylus  lends  some  appearance  of 
reasonableness  to  this  hypothesis. 

The  form  of  the  paddle  and  the  arrangement  of  the  mesopodial  elements  ill 
Mixosaurus  in  some  ways  closely  resemble  the  structure  seen  in  the  latipin- 
nate  forms  of  Ichthyosaurus  (figs.  104  and  105).  In  both  cases  the  paddle 
is  relatively  broad,  and  the  third  element  of  the  second  row  of  mesopodials 
articulates  proximally  upon  the  intermedium.  In  the  longipinnate  forms  of 
Ichthyosaurus  (fig.  102),  as  in  the  American  Upper  Triassic  genera,  the  third 
element  of  the  second  row  articulates  with  the  posterior  element  of  the  first 
mesopodial  row  and  not  at  all,  or  only  incidentally,  upon  the  intermedium. 

2«  Lydekker,  E.,  Geol.  Mag.,  1888.     Dec.  3,  vol.  5,  p.  310. 
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Fig.   102.     Ichthyosaurus  quadriscissus  Quenstedt.     Anterior  limb,  about  %   natural  size.     R,  radius. 

(After  Fraas.) 
Fig.  103.     Iclithyosaurus  acutirostris  Owen.     Posterior  limb,  about  %  natural  size.     T,  tibia.     (After 

Fnias.) 
Fig.  104.     Ichthyosaurus  communis  Conybeare.    Anterior  limb,   about    %    natural   size.     R,   radius. 

(After  Lydekker.) 
Fig.  105.     Ichthyosaurus  intermedius  Conybeare.     Anterior  limb,  about  %  natural  size.     R,  radius. 

(After  Lydekker.) 
Fig.  106.     Ichthyosaurus  intermedius  Conybeare.    Posterior  limb,  about  %  natural  size.      T,    tibia. 

(After  Lydekker.) 
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Fig.  107.     Baptanodon  discus  Marsh.     Anterior  limb,   about   %   natural  size.     R,  radius.      (After 

Marsh.) 

Fig.  108.     Ichthyosaurus  extremus  Boulenger.     Anterior  limb.    R,  radius.     (After  Boulenger.) 
Fig.  109.     Ichthyosaurus  platydactylus  Broili.     Anterior  limb,  much   reduced.     R,  radius.      (After 

Broili.) 
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The  structure  seen  in  Mixosaurus  appears  more  primitive  than  in  the  other 
forms,  and  seems  also  to  show  that  no  rearrangement  of  the  digits  has  been 
made  through  addition  to,  or  subtraction  from  the  original  number. 

As  to  the  definite  relationship  of  the  forms  with  the  mixosaurian  type  of 
paddle  to  the  typical  Latipinnati  of  the  Jurassic,  and  to  the  more  specialized 
forms  of  the  B(ti>t<niodon  type,  there  may  be  some  doubt,  as  the  largely  devel- 
oped pisiform  of  Mixosaurus  is  not  necessarily  present  in  the  Latipinnati. 
According  to  Baur's  view  (1887,  1)  the  pisiform  of  Mi.ros((urus  has  ultimately 
become  the  third  or  posterior  epipodial  element  in  Bapta  notion  (fig.  107). 
There  may,  however,  be  some  question  as  to  such  a  transition  through  IchHii/o- 
saurus.  Though  a  small  proximal  element  of  the  posterior  podial  row  may 
overlap  the  most  posterior  of  the  three  elements  of  the  first  mesopodial  row, 
it  is  difficult  to  demonstrate  that  the  large  pisiform  of  Mixosaurus  has  been 
continued  through  Ichthyosaurus  to  Baptanodon.  As  has  been  shown  by  Fraas 
(1891,  pp.  27  and  30),  the  intermedium  may  come  into  articulation  with  the 
propodial  element  and  thus  furnish  opportunity  for  development  of  the 
Baptanodon  type  of  limb  in  any  one  of  several  groups.  Boulenger  (1904)  lias 
also  shown  that  in  Ichthyosaurus  extremus  (fig.  108)  even  though  it  be  of  the 
latipinnate  type,  the  third  element  in  articulation  with  the  propodial  is  the 
intermedium.  It  is  also  interesting  to  note  that  Broili27  has  recently  described 
a  broad-paddled  form  (fig.  109)  which  he  refers  to  the  Longipinnati. 

Some  suggestions  as  to  the  possi- 
bility of  rearrangement  of  the  ele- 
ments of  the  mesopodial  region  are 
perhaps  to  be  found  also  in  the  struc- 
ture of  the  posterior  limb  of  Mixo- 
saurus. In  the  first  row  of  the  meso- 
podial section  of  the  hind  limb  figured 
by  Eepossi  (fig.  Ill),  as  in  the  an- 
terior limb,  four  elements  appeal- 
instead  of  three.  The  structure  which 
appears  in  this  case  is  unusual,  but  is 
probably  explained  by  another  speci: 
men  in  the  Milan  museum  (fig.  110) 
in  which  only  three  elements  are  pres- 
ent in  the  proximal  row.  The  lunate 
intermediate  element  almost  closes 
the  gap  between  the  tibiale  and  fibulare,  but  in  a  second  row  of  bones 
three  elements  articulate  with  the  distal  border  of  the  intermedium ;  of  these 
the  anterior  one  has  crowded  up  between  the  tibiale  and  intermedium  so  as 

27  Broili,  F.,  Palaeontog.,  Bd.  54,  p.  151. 
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Fig.  110.  Mixosaurus  cornalianus  (Bassani).  Posterior 
limb,  about  natural  size,  from  rough  sketch  by  the 
author.  T,  tibia;  Fb,  fibula;  C,  a  distal  carpal? 

Fig.  111.  Mixosaurus  cornalianus  (Bassani).  Posterior 
limb,  natural  size.  (After  Eepossi.)  F,  femur;  T, 
tibia;  Fb,  fibula;  C,  a  distal  carpal? 
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almost  to  come  in  contact  with  the  tibia.  In  the  specimen  figured  by  Repossi, 
this  element  of  the  second  row  seems  to  have  reached  the  tibia.  This  expla- 
nation not  only  accounts  for  the  fourth  element  of  the  proximal  row,  but  may 
also  explain  the  presence  next  the  posterior  border  of  tarsale  one,  and  appar- 
ently functioning  as  tarsale  two,  of  an  element  showing  a  strong  median 
constriction.  This  bone  has  the  appearance  of  a  metapodial  or  phalange,  and 
if  the  explanation  given  above  is  correct,  is  really  a  metapodial  moved  upward 
into  the  position  of  tarsale  two. 

Judging  from  the  other  relationships  indicated  in  the  characters  of  Mi.ro- 
xanntx  there  seems  to  be  reason  for  considering  that  the  genus  is  possibly  not 
ancestral  to  any  form  of  Ichthyosaurus,  but  is  associated  more  closely  with 
those  forms  in  which  the  inferior  rib  head  has  been  almost  entirely  lost.  If 
such  be  the  case,  the  broad  type  of  paddle  in  Miiro.su  uni.s  is  evidently  an  inde- 
pendent expression  of  a  tendency  similar  to  that  shown  in  the  broad-paddled 
forms  of  Ichthyosaurus. 

Men-lamia. — The  only  Upper  Triassic  form  in  which  the  structure  of  the  en- 
tire limb  is  known  is  the  genus  Men-lamia,  from  the  upper  portion  of  the  Upper 
Trias  of  California.  In  this  type  the  maims  (fig.  92)  is  relatively  slender  and 
includes  only  three  functional  digits  with  the  faint  rudiment  of  a  fourth  be- 
hind these.  The  humerus  is  relatively  slender  and  shows  a  median  constriction. 
The  radius  and  iilna  are  one-half  as  long  as  the  humerus  and  are  separated 
by  a  large  opening.  Beyond  the  first  row  of  the  carpus,  the  limb  elements  are 
arranged  in  three  well  defined  linear  series,  between  which  there  is  no  inter- 
locking. The  metapodial  and  phalangeal  elements  are  all  more  slender  than 
in  Iclitliyosaia-u*.  The  elements  of  the  two  outer  rows  are  all  notched  on  the 
outer  border,  and  in  many  instances  a  median  constriction  is  developed.  In 
the  middle  digit  lateral  notches  are  present  only  on  the  posterior  border  of 
the  elements  beyond  the  first  phalange.  Including  the  minute  discoidal  terminal 
elements,  there  are  eight  phalanges  in  the  middle  digit  and  seven  in  the  first 
and  third.  In  this  genus  the  hind  limb  (fig.  99)  is  relatively  small. 

In  contrast  with  the  form  of  paddle  seen  in  Mixosaurus  that  of  Merriamia 
is  exceedingly  narrow,  and  the  podial  portion  is  also  relatively  short.  The 
function  of  the  paddle  was  evidently  somewhat  different  from  that  in  Mi.ro- 
.^a  unts.  The  relatively  longer  humerus  and  shorter  podial  region  apparently 
gave  the  limb  somewhat  more  freedom  of  movement  than  in  the  case  of  the 
limbs  with  shorter  humerus  and  larger  podial  region  as  in  Mixosaurus  and 
other  broad-paddled  ichthyosaurians. 

Toretocnemus. — The  anterior  limb  of  Toretocnemus  is  unfortunately  known 
only  in  part. (fig.  139),  but  in  as  much  of  it  as  is  present  the  structure  resembles 
that  in  Merriamia.  Only  digits  one  and  two  are  preserved  and  in  these  the 
terminal  phalanges  may  be  missing,  but  the  fourth  element  of  digit  one  and 
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the  third  of  digit  two  are  so  small  that  the  total  number  could  hardly  have 
been  larger  than  in  Merriamia.  The  posterior  paddle  in  this  genus  (fig.  98) 
is  also  much  like  that  in  Merriamia,  and  the  presence  of  a  rudimentary  fourth 
or  posterior  digit  is  indicated  by  small  facets  on  the  posterior  margins  of  the 
elements  of  the  third  digit.  In  Toretocnemus  the  posterior  limb  is  as  large  as 
the  anterior  one. 

Delphinosaunat  and  Shastasaurus. —  In  both  Dcli>lnnos<inrnH  and  SJidstasau- 
rus  the  propodial  and  epipodial  limb  elements  are  shortened  as  compared  with 
the  limb  of  Merriamia.  In  Delphinosaurus  (fig.  93)  the  humerus  is  scarcely 
longer  than  broad,  but  retains  a  distinctly  contracted  shaft  region.  In  Shas- 
tasaurus (figs.  94  and  95)  the  humerus  may  be  so  greatly  abbreviated  that  its 
width  considerably  exceeds  its  length. 

In  Delphinosaurus  the  radius  and  ulna  are  of  nearly  equal  size  and  the  ulna 
differs  from  that  of  all  other  ichthyosaurs  excepting  Oymbospondylus  in 
showing  a  posterior  notch  and  a  median  constriction  similar  to  that  of  the 
radius.  In  Shastasaurus  the  greatly  shortened  radius  has  a  narrow  notch  on 
the  anterior  border  while  the  posterior  side  is  either  only  very  slightly  con- 
cave or  is  distinctly  convex  as  in  S.  careiji.  In  that  species  is  found  the  only 
exception  to  the  rule  that  in  the  Triassic  Ichthyosauria  the  radius  and  ulna 
are  separated  by  a  distinct  cleft.  In  Shastasaurus  osmonti  the  posterior  border 
of  the  ulna  is  convex. 

Although  the  phalangeal  region  of  the  limbs  of  Delphinosaurus  and  Shasta- 
saurus has  not  been  seen  in  its  natural  arrangement  in  connection  with  the  re- 
mainder of  the  limb,  there  seems  to  be  a  strong  reason  for  believing  that  it 
was  of  a  reduced  and  presumably  tridactyl  type  as  in  Merriamia  and  Tore- 
tocnemus.  In  Delphinosaurus  where  the  radius  and  ulna  are  of  nearly  equal 
size,  there  are  three  elements  each  in  the  first  and  second  rows  of  the  meso- 
podial  region  as  in  Merriamia,  but  the  posterior  elements  in  both  rows  are 
much  smaller  than  the  others  and  much  smaller  than  in  Merriamia,  suggest- 
ing that  the  posterior  digit  was  relatively  small.  In  Shastasaurus  the  radius 
is  much  larger  than  the  ulna.  The  radiale,  the  only  mesopodial  which  has  been 
found  in  place,  is  considerably  larger  than  in  any. of  the  other  genera,  and  even 
exceeds  the  ulna  in  size.  Evidently  in  this  form  the  space  for  the  posterior 
digits  was  considerably  narrower  than  in  Delphinosaurus,  which  suggests  that 
Shastasaurus  may  have  had  only  two  well  developed  digits  and  a  rudimentary 
third. 

Though  no  series  of  paddle  bones  showing  the  form  and  arrangement  of 
the  elements  in  the  podial  region  of  Shastasaiirus  has  as  yet  been  discovered, 
in  several  cases  a  number  of  scattered  bones  representing  mesopodials  or  pha- 
langes have  been  found  with  other  parts  of  the  skeleton,  but  it  has  not  been 
possible  in  any  instance  to  make  certain  of  their  position  in  the  paddle.  With 
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specimen  9081  a  number  of  disroidal  bones  are  associated  with  the  elements  of 
the  shoulder  girdle  and  the  proximal  portion  of  the  limb.  Three  of  these  not 
far  from  the  radius  appear  from  their  position  to  represent  a  transverse  row 
from  the  proximal  portion  of  the  paddle  (Cr.  fig.  94).  At  one  end  of  the  row 
the  ossicle  is  much  smaller  than  either  the  median  one  or  the  one  at  the  op- 
posite end.  While  it  is  not  possible  to  make  sure  whether  the  elements  seen 
here  belong  in  the  podial  or  in  the  mesopodial  region,  the  evident  reduction 
of  one  of  the  terminal  bones  supports  the  evidence  for  reduction  of  the  third 
or  posterior  digit  as  suggested  above. 

In  several  of  the  specimens  of  Sliastasaurus  discoidal  ossicles  present  with 
the  limb  elements  are  deeply  pitted  or  grooved  around  the  margins  (fig.  113; 
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Fig.  112.     CymbospondyllU  pctrinus  Leidy.      Metapodials  or  phalanges,   X  l/»- 

Fig.  113.     Shaxtasawits  osmonti  Mcrri.-un.      Metapodial  or  phalange,  marginal  view,  X  %. 

l''ig.   114.      Baptanodon  sp.     Phalange,  marginal  view,   X%. 

also  pi.  15,  figs.  3  and  4).  This  structure,  with  the  circular  outline  developed, 
evidently  indicates  that  they  were  embedded  in  heavy  cartilage  plates  as  in 
Baptanodon  (fig.  114).  The  only  instance  in  which  other  than  discoidal 
elements  have  seemed  to  represent  the  distal  portion  of  the  paddle  in  Shasta- 
sditnis  is  in  the  type  specimen  of  S.  altispinus  (pi.  18,  fig.  4),  in  which  there 
are  two  ellipsoidal  bones  sharply  notched  at  one  end,  but  with  the  margins 
grooved  and  pitted.  The  notches  evidently  indicate  that  the  bones  were  on  the 
margins  of  the  paddle. 

In  both  Delphinosaurus  and  Shastasaurus  the  femur  is  more  slender  than 
the  corresponding  elements  of  the  anterior  limbs.  (See  figs.  100  and  101.)  The 
tibia  is  relatively  large  compared  with  the  small  fibula.  Both  tibia  and  fibula 
show  a  median  constriction.  Of  the  elements  beyond  the  epipodials  only  a  few 
discoidal  ossicles  are  known. 

STAGE  OF  EVOLUTION  OF  TRIASSIC  ICHTHYOSAURS. 

In  viewing  the  Ichthyosauria  collectively  there  seems  to  be  no  reason  for 
questioning  the  unity  of  the  group.  Throughout  the  entire  series  of  forms  in 
which  the  history  of  the  order  is  represented  there  is  no  doubt  as  to  relation- 
ship ;  the  oldest  and  the  youngest  members  showing  so  strong  a  resemblance  to 
the  typical  genus  that  no  question  as  to  their  common  descent  has  arisen.  In 
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comparing  the  oldest  forms  with  the  latest  there  is,  however,  a  strong  contrast 
in  the  structure  of  man}7  of  the  important  parts  of  the  skeleton,  and  the  dif- 
ferences are  of  such  a  nature  and  so  graded  in  time  as  to  suggest  progressive 
specialization  of  a  very  definite  type. 

A  list  of  characteristics  in  which  the  Triassic  and  the  later  Jurassic  ichthy- 
osaurs  are  found  to  differ  would  include  the  following: 


LATER  JURASSIC   FORMS. 

1.  Locomotion    almost    solely    by    means    of 

powerful  vertical  caudal  fin. 

2.  Limbs  much  abbreviated,  and  functioning 

largely  as  fins  rather  than  as  paddles. 
Epipodials  reduced  to  the  form  of  mes- 
opodials. 

3.  Hind  limbs  relatively  small. 

4.  Epipodial,  metapodial,  and  phalangeal  ele- 

ments reduced  to  polygonal  plates,  or 
to  approximately  circular  discs  with 
concave  margins. 

5.  Number  of  phalanges  in  each  digit  greatly 

increased. 

6.  Number  of  digits  often  greater  than  five. 

7.  Pelvis  much  reduced :  in  later  forms  with 

ischium  and  pubis  fused. 

8.  Pelvis  loosely  connected  with  body. 


9.  Skull  much  elongated,  and  relatively  large 
compared  with  the  trunk. 

10.  Jaws  slender  and  much  elongated. 

11.  Maxillaries  relatively  small ;  premaxillaries 

relatively  large. 

12.  Orbits    greatly    enlarged.      Superior   tem- 

poral opening  small,  bar  behind  orbit 
very  narrow. 

13.  Auditory  apparatus  consisting  of  massive 

elements  adapted  to  use  in  deep  diving. 

14.  Teeth  numerous,  simple-conical,  loosely  at- 

tached. 

15.  Vertebral  centra  high,  relatively  short  an- 

teroposteriorly. 


TRIASSIC   FORMS. 

1.  Locomotion  assisted  to  a  greater  extent  by 

paddles  than  in  the  Jurassic  forms. 

2.  Limbs  relatively  large  and  with  important 

function    as   paddles.      First   two   seg- 
ments relatively  long. 

3.  Hind  limbs  relatively  large. 

4.  Epipodial,     metapodial,    and    phalangeal 

elements    often    elongated,    and    with 
shafted  median  region. 

5.  Number  of  phalanges  in  each  digit   rela- 

tively small. 

6.  Number   of   digits    not   increased   beyond 

five. 

7.  Pelvic  elements  heavy:  inferior  elements 

much   expanded.      Ischium   and   pubis 
never  fused. 

8.  Upper  end  of  ilium  broad,  indicating  some- 

what firmer  connection  with  vertebral 
column  than  in  Ichthyosaurus. 

9.  Skull  shorter  compared  with  length  of  the 

trunk. 

10.  Jaws  generally  relatively  short. 

11.  Maxillaries  relatively  long,  and  premaxil- 

laries relatively  short. 

12.  Orbits  relatively  small,  temporal   bar  be- 

hind orbit  broad. 

13.  Element  supposed  to  represent  stapes  rela- 

tively small. 

14.  Teeth     numerous     in      Cymborpondylus, 

relatively   few  in    Mlxosanrus.     Teeth 
set  in  pits  in  older  forms. 

15.  Vertebral  centra  averaging  relatively  long 

and  low. 
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16.  Neck  short,  usually  with  two  or  more  anterior 

cervical  centra   fused. 

17.  All  discrete  cervical  and  caudal  intercentra 

apparently  lost  in  some  late  forms,  ele- 
ments of  lower  arches  not  united  ven- 
tral ly. 

1S.  Zygapophysial  facets  of  vertebrae  reduced 
or  brought  into  one  plane  and  united. 

1(1.  Neural   spines  of  vertebrae  strongly  flat- 
tened laterally. 


20.  Posterior   region   of   tail  bent   downward 

sharply  for  support  of  lower  lobe  of 
fluke. 

21.  Neural   arches  of  caudal   region   reduced 

near  bend  of  tail,  owing  to  change  of 
form  of  fluke. 


22.  Scapula  narrowed  distally. 

23.  Episternum  T-shaped  instead  of  deltoid. 


24.  Abdominal    ribs    often    not    united    along 
median  line. 


16.  Neck    region    short,    but    anterior   cervical 

centra  all  separated  by  wide  interverte- 
bral  spares. 

17.  Cervical  intercentra  few  and  small.     Cau- 

dal intercentra  large  and  united  ven- 
trally  to  form  Y-shaped  lower  arches. 

IS.  Zygapophysial  faces  in  the  anterior  half 
of  the  vertebral  column  neither  united 
nor  brought  into  the  same  plane. 

1!).  Neural  spines  averaging  relatively  thick. 
and  may  be  circular  in  cross-section  in 
the  anterior  half  of  the  vertebral  col- 
umn. 

20.  Distal  region  of  tail  showing  relatively  less 

marked  downward  curvature.  Some- 
times bent  upward  strongly,  and  then 
downward. 

21.  Neural  arches  in  middle  third  of  caudal 

region  not  reduced.  In  some  cases  the 
arches  in  this  region  are  much  elon- 
gated and  erected  to  broaden  this 
region  of  the  tail. 

22.  Scapula  expanded  distally. 

23.  Episternum  approaching  a  deltoid  rather 

than  T-shaped  form  where  known 
(Mixosattriis). 

24.  Abdominal   ribs  heavy,   and   united   in   a 

prominent  spine  on  the  median  line. 


It  will  be  noted  that  in  the  extended  series  of  differences  which  appear  in 
the  table  above,  nearly  all  are  features  of  the  skeleton  which  have  been  con- 
sidered as  standing  in  close  relationship  to  aquatic  adaptation.  These 
include  also  the  principal  ordinal  characteristics  distinguishing  the  group. 
The  last  three  characters  only  are  not  considered  as  necessarily  standing  in 
close  relation  to  aquatic  adaptation,  but  possibly  even  these  are  to  be  ascribed 
to  the  effect  of  adaptation  of  this  nature.  In  the  contrast  between  the  earlier 
and  the  later  ichthyosatirians  it  is  seen  that  nearly  all  of  the  characters  of 
the  later  forms  which  are  considered  as  standing  in  close  relationship  to  aquatic 
adaptation  are  less  distinctly  expressed  in  the  Triassic  representatives  of  the 
group.  In  other  words  the  characteristics  of  the  earlier  forms  are  practically 
all  nearer  those  of  shore  or  land  reptiles,  and  those  of  the  later  ones  take  the 
direction  of  specialization  toward  an  adapted  fish-like  form.  The  evidence 
before  us  shows  that  the  trend  of  the  specialization  of  the  Ichthyosauria  has 
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been  to  develop  those  features  which  are  of  importance  in  purely  aquatic  life, 
and  to  reduce  in  importance  those  structures  which  have  little  or  no  function 
in  such  an  environment  as  would  be  met  under  aquatic  conditions. 

In  the  earlier  stages  of  the  study  of  the  Ichthyosauria  various  opinions 
were  expressed28  as  to  whether  the  characters  showing  close  relation  of  these 
forms  to  their  aquatic  environment  were  survivals  from  a  very  primitive  fish- 
like  ancestral  type,  or  whether  they  were  secondarily  acquired  through  accom- 
modation of  a  land  type  to  life  in  the  sea.  Practically  all  investigators  who 
have  expressed  themselves  on  this  point  in  recent  years  have  held  to  the  opinion 
first  given  a  basis  of  observed  fact  by  Baur  (1887,  1),  viz.,  that  the  ichthy- 
osaurs  are  specialized  aquatic  forms  occupying  in  the  Reptilia  a  position  sim- 
ilar to  that  of  the  cetaceans  in  the  Mammalia.  This  view  receives  support 
amounting  to  a  demonstration  from  the  evidence  gathered  in  a  study  of  the 
history  of  the  group.  Not  only  is  the  stage  of  evolution  of  the  Triassic  repre- 
sentatives nearer  the  shore  or  semi-aquatic  reptilian  type  than  in  the  later  ones, 
but  a  definite  and  fairly  regular  gradation  or  progressive  specialization  from 
the  earliest  forms  to  the  latest  seems  to  be  recognizable  in  many  parts  of  the 
skeleton.  The  evidence  of  gradual  modification  toward  the  fish-like  type  pre- 
sents itself  not  only  in  a  comparison  of  the  types  of  the  successive  periods 
with  each  other,  but  it  is  almost  as  distinctly  seen  in  contrasting  the  forms 
of  the  latest  Triassic  with  those  from  the  middle  division  or  from  the  lower 
part  of  the  Upper  Trias.  It  is  clearly  noticeable  again  in  contrasting  the 
faunas  of  the  Upper  and  Lower  Lias,  or  in  a  comparison  of  the  Upper  Liassic 
species  with  those  of  the  later  Jurassic  and  Cretaceous.  Taken  as  a  whole 
the  evidence  is  of  such  a  nature  as  to  leave  no  room  for  doubt  as  to  the  course 
of  evolution  of  the  known  representatives  of  the  Ichthyosauria.  While  we 
are  unfortunately  not  able  to  see  back  to  the  beginning  of  the  evolutionary  his- 
tory, extending  from  the  Middle  Trias  to  Cretaceous,  it  can  hardly  lead  from 
any  other  than  a  typical  reptile  with  extremities  constructed  largely,  if  not 
entirely,  for  ambulation. 

In  the  evolutionary  series  beginning  with  the  unknown  crawling  ancestor 
of  the  ichthyosaur,  Middle  Triassic  forms  of  the  type  of  Cymbospondylus  rep- 
resent a  stage  in  which  the  animals  had  already  abandoned  the  shore  as.  a 
place  of  regular  habitation,  but  still  retained  in  their  skeletal  structure  enough 
original  characteristics  to  give  a  clue  to  their  origin.  Contrasted  with  the 
Middle  Triassic  Cymbospondylus  type  we  have  at  the  latter  end  of  the  series 
such  forms  as  the  Baptanodon-Opthalmosaurus  group  in  which  the  adaptation 
to  life  in  deep  water  is  so  extreme  as  to  have  suggested  to  otherwise  careful 
investigators  that  these  forms  were  less  specialized  than  any  other  reptiles. 

28  Gegenbaur,  C.,  Untersuchungen  zur  vergleichenden  Anatomie  der  Wirbelthiere.  2  Heft.,  1865.  Paddles 
derived  from  selachian  fins. 

Haeckel,  E.,  Generelle  Morphologic  der  Organismen.  Bd.  2,  p.  134,  1866.  Resemblance  to  fish  secondarily 
acquired. 
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ORIGIN  OF  ICHTHYOSAURIA. 

Though  the  ichthyosaurs  were  throughout  their  whole  known  history  con- 
stantly specializing  along  the  line  of  adaptation  to  their  aquatic  environment, 
we  find  that  as  early  as  the  Middle  Triassie  they  were  already  in  the  class  of 
the  highly  specialized  aquatic  reptilian  types.  From  what  we  know,  we  can 
hardly  suppose  them  to  have  separated  themselves  from  the  parent  shore  type 
far  enough  to  lie  called  ichthyosaurs  later  than  the  early  part  of  the  Trias. 
Possibly  their  origin  dates  from  an  even  earlier  period.  There  seems,  there- 
fore to  be  good  reason  for  considering  them  one  of  the  oldest  of  the  reptilian 
orders.  The  primitive  ichthyosaur  was  evidently  a  typical  reptile,  and  consid- 
ering the  necessarily  early  period  of  its  origin,  antedating  as  it  does  that  of  most 
of  the  other  orders,  it  may  be  derived  only  from  one  of  the  very  primitive  mem- 
bers of  this  class.  Unless  we  consider  the  ichthyosaurs  as  themselves  one  of 
the  primitive  divisions  of  the  Reptilia,  we  have  only  the  most  primitive  repre- 
sentatives of  the  cotylosaurian,  synapsidan  and  diapsidan  stems  with  which  it 
may  stand  in  the  relation  of  descent. 

Woodward""  has  included  the  ichthyosaurs  in  the  reptilian  group  in  which 
the  skull  possesses  a  single  temporal  arcade,  along  with  the  Anomondontia, 
Sauropterygia  and  Chelonia ;  at  the  same  time  calling  attention  to  the  very  prim- 
itive characters  of  the  skull.  Cope30  in  one  of  his  last  phylogenic  arrange- 
ments of  the  reptilian  orders,  derived  the  Ichthyosauria  directly  from  the  prim- 
itive Cotylosauria. 

Broom'1  has  separated  the  ichthyosaurs  from  both  the  Synapsidan  and 
Diapsidan  groups.  More  recently  Williston32  has  called  attention  to  the  fact 
that  "the  presence  of  an  original  lateral  temporal  opening  is  by  no  means 
proved."  Baur"3  considered  the  ichthyosaurs  rhynchocephalian.  McGregor" 
and  Osborn30  have  suggested  close  relationship  of  the  Ichthyosauria  with  the 
Rhynchocephalia . 

Excepting  in  those  characters  indicating  adaptation  to  aquatic  environment 
the  ichthyosaurian  skeleton  is  undoubtedly  very  primitive.  Whether  it  has 
been  diaptosaurian,  synapsidan  or  cotylosaurian  in  its  original  form  is  less 
certain. 


^»  Woodward,  A.  Smith,  "Vertebrate  Palaeontology,  p.  143,  1898. 

so  Cope,  E.  D.,  Primary  Factors  of  Organic  Evolution,  p.  115,  1896. 

si  Broom,  R.,  Proc.  Zool.  Soc.  Lond.,  1901. 

32  Williston,  S.  W.,  Biological  Bulletin,  vol.  7,  p.  186,  Sept.  1904. 

33  Baur,  G.,  Am.  Nat.,  vol.  21,  p.  837,  1887. 

34  McGregor,  J.  H.,  Science  N.  S.,  vol.  16,  p.  27,  July  4,  1902.     Also,  Mem.  Amer.  Nat.  Hist.,  vol.  9,  part  2, 
p.  91,  Feb.  1906. 

35Osborn,  H.  F.,  Mem.  Amer.  Mus.  Nat.  Hist.,  vol.  1,  No.  8,  p.   456,  Nov.  1903. 
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Some  of  the  most  definite  opinions  regarding  relationship  to  other  groups 
are  those  of  the  several  writers  who  have  considered  the  Rhynchocephalia  the 
ancestral  type.  While  the  Ichthyosauria  show  a  strong  resemblance  to  these 
diaptosaurians  in  many  characters,  it  is  to  be  questioned  whether  this  similarity 
is  more  than  a  survival  of  common  primitive  characters  in  both.  At  any  rate,  if 
it  be  shown  that  a  number  of  the  most  characteristic  features  of  the  Diaptosau- 
ria  are  lacking  in  the  Ichthyosauria  we  shall  hardly  be  justified  in  considering 
the  diaptosaurs  as  their  ancestors. 

Recently  McGregor1"  has  expressed  the  opinion  that  the  diapsidan  order 
Phytosauria  includes  the  nearest  known  relatives  of  the  ichthyosaurs,  and  that 
they  represent  the  nearest  approximation  to  the  amphibious  form  through 
which  the  ichthyosaurs  passed  in  their  evolution  from  rhynchocephalian-like 
ancestors,  "though  no  knoirn  phvtosaurian  can  actually  be  the  ancestor  of  the 
Ichthyopterygia. ' ' 

The  phytosaurs  and  the  ichthyosaurs  have  many  characters  in  common,  and 
particularly  the  phytosaurs  show  some  affinity  with  the  most  primitive  diap- 
tosaurians. There  are,  however,  a  number  of  characters  which  seem  to  indi- 
cate that  the  phytosaurs  and  ichthyosaurs  have  arisen  quite  independent  of 
each  other.  In  order  also  to  have  the  appearance  of  being  intermediate  between 
the  ichthyosaurs  and  the  primitive  diaptosaurs,  the  phytosaurs  should  precede 
the  ichthyosaurs  in  time.  We  find,  however,  that  the  phytosaurs  belong  main- 
ly to  the  latter  part  of  the  Upper  Triassic,  while  the  ichthyosaurs  were  a  sharp- 
ly differentiated  and  highly  specialized  group  early  in  Middle  Triassic  time,  and 
had  already  expressed  in  them  most  of  the  characters  which  separate  their  Jur- 
assic representatives  from  the  phytosaurs.  In  spite  of  the  fact  that  the  orbits 
were  much  smaller  in  the  earlier  ichthyosaurs  than  in  the  later  genera,  and  that 
the  inferior  temporal  arcade  was  large  enough  so  that  a  primitive  lateral  open- 
ing would  not  necessarily  be  closed  by  contraction  of  the  bar,  this  lateral  open- 
ing is  not  present  as  in  the  Phytosauria.  There  are  also  no  antorbital  and  no 
external  mandibular  vacuities  in  the  ichthyosaurs;  the  squamosal  and  supra- 
temporal  are  not  fused ;  the  pleurocentrum  of  the  atlas  was  large ;  no  ectoptery- 
goid  is  certainly  known;  a  large  pineal  foramen  was  present;  the  exoccipital 
and  opisthotic  were  not  fused ;  there  was  no  tendency  to  develop  a  secondary 
palate ;  the  pterygoids  were  in  contact  with  the  basioccipital ;  and  the  thoraco-" 
lumbar  vertebrae  were  more  numerous  than  in  the  phytosaurs. 

The  phytosaurs  are  typically  rhynchocephalian  in  more  characters  than  the 
ichthyosaurs.  The  main  features  in  which  they  show  special  similarity  to  the 
ichthyosaurs  are  found  in  the  structure  of  the  rostrum  and  the  nasal  region. 
The  median  position  of  the  nares  appears,  however,  almost  a  normal  character 
of  marine  air-breathing  vertebrates,  and  the  extension  of  the  premaxillary  re- 

s«  McGregor,  J.  H.,  Op.  tit,  J>.  89. 


MERRIAM:  TRIA8SIC  ICIITI I  Y<  >x.\n;i.\.  7!) 

gion  occurs  in  the  development  of  an  elongated  snout  in  most  groups  of  reptiles 
excepting  the  Crocodilia  and  Choristodera ;  so  that  in  the  case  of  the  Phytosau- 
ria  the  peculiar  feature  is  the  presence  of  an  elongated  snout  with  median  nares 
in  a  fresh-water  form  not  otherwise  highly  specialized.  The  significance  of 
this  parallelism  is  possibly  no  more  than  that  the  phytosaurs  are  not  necessari- 
ly crocodilian,  rather  than  that  the  ichthyosaurs  are  modified  phytosaurs. 

It  seems  that  the  characters  in  which  the  phytosaurs  and  ichlliyosaurs  dif- 
fer at  least  balance  the  special  resemblances  which  may  be  common  inheri- 
tances from  very  early  ancestors.  It  also  appears  easily  possible  that  the  time 
of  origin  of  the  ichthyosaurs  was  at  so  early  a  date  that  some  diaptosaurian 
characters,  as  the  lateral  temporal  opening,  have  never  appeared  in  them.  The 
phytosaurs  are  not  far  removed  from  the  typical  Diaptosauria.  They  may 
have  originated  early  or  may  have  had  their  origin  in  the  latter  part  of  Middle 
Triassic  time.  It  is  doubtful  whether  their  peculiarities,  aside  from  very  prim- 
itive features  which  parallel  characters  in  the  ichthyosaurs,  existed  in  the 
phytosaurs  as  early  as  the  time  of  origin  of  the  Ichthyosauria.  It  is  not  im- 
probable that  the  phytosaurs  simply  parallel  to  some  extent  the  amphibious 
type  through  which  the  ichthyosaurs  must  have  passed  in  their  evolution,  and 
that  they  developed  as  a  distinct  phytosaurian  group  after  the  ichthyosaurs 
had  become  typical  marine  animals. 


VARIATION  IN  THE  ICHTHYOSAUKIA. 

The  Ichthyosauria  exhibit  through  the  whole  range  of  the  order  such  a  con- 
stancy in  the  major  features  of  their  skeletal  plan  that  no  question  has  ever 
arisen  as  to  whether  a  particular  form  is  properly  considered  as  a  member  of 
the  group.  There  is,  however,  a  considerable  range  of  variation  in  certain 
important  groups  of  characters,  and  indefiniteness  rather  than  fixity  of  generic 
and  specific  features  seems  to  be  the  rule  in  the  better  known  forms.  Though 
the  variability  is  shown  to  some  extent  in  all  parts  of  the  skeleton  it  appears 
in  its  most  extreme  form  in  those  structures  which  are  most  distinctly  modified 
in  adaptation  to  aquatic  life. 

An  example  is  seen  in  the  paddles  of  Ichthyosaurus,  the  fundamental  struc- 
ture of  which  has  always  remained  much  the  same.  In  the  podial  region  the 
digits  have  always  held  close  together,  in  contrast  to  the  divergent  fingers  of 
the  mosasaurian  type;  and  the  phalanges  have  increased  greatly  in  number, 
with  accompanying  average  shortening.  The  number  of  digits  has  however 
varied  between  fclithi/oMiiu-ux  connnioiix  with  a  possible  ten  longitudinal  rows 
of  phalanges,  and  /.  arntirostris  with  three,  or  Shastnsaurus  probably  with 
two  and  a  rudimentary  third.  With  the  variation  in  the  number  of  digits,  the 
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number  of  the  phalanges  and  the  form  of  the  paddle  have  generally  varied, 
so  that  the  many  fingered  paddle  of  /.  com  mini  is  is  broad  but  short,  and  the 
paddles  of  I.  acutirostris  are  excessively  long  and  slender.  The  two  types  of 
paddles  represented  by  I.  communis  on  the  one  hand,  and  I.  platyodon  with 
/.  iindirostris  on  the  other  hand,  distinguish  two  groups  of  ichthyosaurs  which 
are  in  the  main  fairly  distinct  (figs.  103  and  104).  They  were  separated  by 
Kiprijanoff37  as  Latipiunipedes  typified  by  I.  communis,  and  Longipinnipedes 
represented  by  /.  platyodon;  but  were  not  designated  as  genera,  as  there  seemed 
to  be  no  point  at  which  a  dividing  line  could  be  drawn  satisfactorily.  This 
classification  was  accepted  in  somewhat  modified  form,  by  Lydekker38  in  pre- 
paring his  catalogue  of  fossil  reptiles  of  the  British  Museum,  the  group  names 
being  changed  to  Latipinnati  and  Longipinnati.  The  groups  have  been  recog- 
nized by  Fraas  and  other  investigators  who  have  made  particularly  close 
studies  of  the  structure  and  relationships  of  the  Ichthyosauria.  Fraas  accepted 
the  divisions  Longipinnati  and  Latipinnati  but  treated  them  as  groups,  and  not 
genera,  as  had  been  done  by  Kiprijanoff  and  Lydekker.  More  recently  they 
have  been  designated  as  distinct  genera  by  Jackel39  and  Boulenger.40 

If  the  longipinnate  and  latipinnate  divisions  of  the  ichthyosaurs  of  the 
Lower  Lias  actually  represent  distinct  groups  of  species  tending  to  specialize  in 
somewhat  different  directions,  they  should  be  recognized  as  separate  genera. 
It  is,  however,  true  that  most  of  the  investigators  who  have  worked  over  large 
collections  have  found  the  separation  of  the  two  divisions  so  difficult  that  they 
have  refrained  from  giving  generic  values  to  them. 

To  a  considerable  extent  the  same  difficulties  that  are  met  in  this  grouping  of 
Jurassic  species  of  the  true  ichthyosaurs  are  found  in  the  definition  of  other 
genera  and  species.  The  species  of  Opthcdtnosaurus  and  Baptanodon  appear 
quite  widely  separated  from  the  typical  forms,  but  in  reality  most  of  the  char- 
acters which  separate  them  from  Ichthyosaurus  are  to  be  found  in  various 
forms  of  Ichthyosaurus  itself. 

The  statements  which  have  been  made  regarding  variation  in  the  structure 
of  the  paddles  might  apply  almost  as  well  to  most  other  portions  of  the  skeleton 
in  which  characters  of  generic  or  specific  rank  appear,  as  in  the  facial  region 
of  the  skull,  the  dentition,  and  the  caudal  fin.  A  general  study  of  the  consid- 
erable variations  occurring  inside  the  Ichthyosauria  seems  to  show  fewer  inter- 
ruptions between  the  various  forms  recognized  than  commonly  appear  in 
natural  groups.  These  facts  apparently  indicate  a  high  degree  of  plasticity 

•'?  Kiprijanoff,  M.,  Mem.  1  'acad.  imp.  d.  sc.  St.  Petersburg,  VII  ser.,  t.  28,  no.  8,  p.  88. 

ss  Lydekker,  E.,  Geol.  Mag.  London,  1888,  Dec.  3,  vol.  5,  p.  310.  Also  Catlg.  Foss.  Eept.  and  Amphib.  Brit. 
Mus.,  pt.  2,  p.  13,  1889. 

3»  Jackel,  O.,  Marz-Protokoll  d.  Deutsch,  geol.  Gesel.,  Bd.  56,  Jahrgang,  1904,  p.  32.  Jackel  proposed  the 
name  Eurypterygius  for  the  latipinnates,  and  Stenopterygitis  for  the  longipinnates. 

•">  Boulenger,  G.  A.,  Proc.  Zool.  Soc.  Lond.,  vol.  1,  p.  425.  Aug.  2,  1904.  Boulenger  uses  the  generic  name 
Ichthyosaurus,  sensu  stricto,  for  the  Latipinnati;  and  Proteosaunis  Home  for  the  Longipinnati. 
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in  the  ichthyosnurian  types  of  Jurassic  time.  Judging  from  the  number  of 
forms  known  in  the  Trias  this  plasticity  was  at  least  as  pronounced  in  that 
period. 

The  plasticity,  or  the  greatest  variation,  in  ichthyosanrs  lias  appeared  in 
those  portions  of  the  skeletal  structure  which  stood  in  the  most  immediate  rela- 
tion to  their  environment,  and  could  be  most  easily  modified  by  changes  in 
habits,  food,  or  any  variation  in  the  elements  of  their  surroundings.  The  most 
variable  portions  of  the  skeleton  are  probably  the  paddles  and  the  caudal  fin. 
In  many  of  the  principal  characters  of  the  cranial  region  of  the  skull  a  most 
remarkable  conservatism  is  shown;  only  in  the  form  of  the  rostrum  and  in 
the  nature  of  the  orbit  do  we  find  variation  comparable  to  that  of  the  limbs. 
The  significance  of  the  location  of  the  centers  of  greatest  variation  seems  to  be 
that  the  variation  is  to  a  great  extent  determined  by  the  peculiar  relation  of  the 
animal  to  its  environment,  and  in  those  centers  where  no  distinctly  important  re- 
lation, of  this  nature  exists  variation  has  been  insignificant. 

The  fact  that  the  different  ichthyosaurian  forms  recognized  are  not  easily 
separable,  offers  some  support  to  the  view  that  they  represent  stages  in  a  dif- 
ferentiation of  the  group  which  has  taken  place  at  a  fairly  uniform  rate,  and 
has  not  therefore  given  us  sharply  distinguished  and  persistent  resting  stages, 
such  as  have  sometimes  been  considered  to  represent  genera  and  species. 

In  so  far  as  the  above  suggestions  hold  good,  the  evolution  of  these  forms 
may  indicate  that  the  species  have  originated  either  as  the  direct  result  of  use 
and  disuse  due  to  pressure  of  the  environment;  or  that  they  have  arisen  as 
variants  or  mutants  in  which  the  direction  of  mutation  has  been  determined  by 
the  same  external  factors  which  would  be  supposed  to  direct  use  and  disuse 
in  the  application  of  the  Lamarckian  hypothesis.  According  to  this  suggestion 
the  known  ichthyosaurian  types  may  be  explained  as  having  arisen  under 
slightly  different  sets  of  conditions,  either  at  the  same  time  in  different  places, 
or  at  different  times  in  the  same  place. 

Whatever  'be  the  ultimate  cause  of  the  progressive  specialization  seen  in  the 
Ichthyosauria,  this  tendency  became  almost  a  constitutional  feature.  In  spite 
of  minor  variations  and  of  the  inclination  of  geographically  separated  types  to 
take  somewhat  different  paths  in  their  specialization,  the  general  trend  of  evolu- 
tion of  all  forms  over  the  earth  has  been  in  the  same  direction,  and  at  about  the 
same  rate.  In  most  instances  the  horizon  in  which  a  Triassic  ichthyosaur  belongs 
may  be  determined  by  the  degree  of  specialization  of  any  one  of  a  considerable 
number  of  structures,  as  e.g.,  the  zygapophyses  of  the  vertebrae.  Where  char- 
acters of  late  forms  seem  to  appear  in  early  ones,  the  average  of  the  characters 
of  the  whole  organism  will  be  found  to  indicate  a  relatively  low  level  of  special- 
ization. In  the  tail  of  the  Middle  Triassic  CymboximiHli/lus  the  reduced  upper 
arches  of  the  distal  caudal  region  suggest  a  caudal  series  like  that  of  the  later 
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Ichthyosaurus,  but  the  vertebral  centra  of  this  region  in  Cynibospondylus  offset 
the  beginning  specialization  of  the  arches  by  preserving  a  remarkably  high  and 
compressed  or  primitive  form. 

The  tendency  which  the  Ichthyosauria  have  shown  to  keep  the  same  general 
trend  of  specialization  through  their  whole  history,  and  in  all  geographic 
regions,  is  not  contrary  to  the  suggestion  advanced  above:  viz.,  that  the  modi- 
fications introduced  in  this  group  usually  indicate  the  bringing  about  of  a  closer 
relation  to  their  environment.  The  all  important  feature  which  distinguishes 
the  Ichthyosauria  as  an  order  is  their  aquatic  adaptation.  Entering  as  they 
have  into  a  realm  very  different  from  that  in  which  the  immediately  ancestral 
types  have  lived,  the  factor  which  has  overshadowed  all  others  has  been  the 
necessity  of  getting  a  working  basis  for  life  in  water,  particularly  with  relation 
to  locomotion.  The  extent  of  the  changes  required  in  the  accommodation  of 
all  ichthyosaurians,  whenever  and  wherever  they  have  existed,  to  those  simpler 
features  of  aquatic  life  which  are  the  same  in  all  periods  and  in  all  places,  may 
be  responsible  in  a  large  measure  for  the  generally  similar  trend  of  evolution. 

In  this  connection  we  naturally  enquire  why  it  was  necessary  for  the  Ich- 
thyosauria to  leave  their  original  environment,  for  surroundings  in  which  an 
entirely  different  equipment  was  necessary.  The  only  explanation  which 
offers  itself  suggests  a  possible  change  of  food  habits,  through  the  discovery 
that  certain  of  the  thriving  cephalopod  groups  of  the  early  Mesozoic  furnished 
an  abundant  and  easily  obtained  food  supply.  Even  in  the  most  favorable 
light,  however,  the  problem  of  definite  variation  in  the  Ichthyosauria  in  some 
of  its  aspects  seems  to  invite  a  resort  to  orthogenesis ;  or  to  the  view  that  there 
are  factors  influencing  variation  which  are  not  as  yet  understood,  and  that  these 
tendencies  to  similar  variation  may  express  themselves  in  related  groups  for 
long  periods,  and  in  regions  widely  separated  geographically. 

Taking  the  history  of  the  Ichthyosauria  from  the  earliest  stages  to  the  latest, 
the  following  statements  regarding  the  group  seem  to  be  warranted  by  the 
known  succession  of  forms:  (1)  The  group  is  unquestionably  a  unit,  and  no 
doubt  has  arisen  as  to  the  common  origin  of  the  forms  included  in  it.  (2) 
There  has  been  a  very  considerable  advance  in  specialization  extending  through 
a  long  period.  (3)  Variation  has  been  greatest  in  those  structures  standing 
in  the  closest  relation  to  aquatic  adaptation.  (4)  Variation  seems  generally- 
to  be  of  the  continuous  rather  than  of  the  saltatory  type.  (5)  Variation  is 
remarkably  direct,  or  takes  much  the  same  course  in  all  forms  of  the  same 
geological  age. 

CLASSIFICATION  OF  THE  ICHTHYOSAURIA. 

After  some  knowledge  had  been  obtained  of  types  distinct  from  Iclithi/o- 
saurus,  the  earliest  attempt  at  classification  of  the  groups  included  in  the 
Tchthyosauria,  was  that  of  Baur  (1887,  1),  in  which  three  families,  the  Ichthyo- 
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sauridae,  Baptanodontidae,  and  Mixosauridae,  were  established.  To  these 
MeiTiam  has  more  recently  added  a  fourth  group,  the  Shastasauridae  (1902, 
2).  At  the  time  when  these  families  were  described  the  arrangement  of  the 
ichthyosaurian  forms  seemed  fairly  simple,  Imt  in  reality  coni])aratively  little 
was  known  regarding  any  of  these  groups  excepting  the  Ichthyosauridae. 
Since  that  time  the  principal  points  in  the  structure  of  Mirosanrus  have  heen 
made  known  by  Repossi  (1902),  the  material  available  for  study  of  the  Amer- 
ican Triassic  forms  has  very  greatly  increased,  and  large  additions  have  been 
made  to  our  knowledge  of  the  structure  of  Bapt<uto(lon"  and  Oitthalmosaurtix.'- 

With  the  recent  increase  in  the  available  information,  many  points  of 
relationship  have  been  determined  among  the  ichthyosaurian  forms,  but  the 
tendency  on  the  whole  has  been  to  make  a  satisfactory  arrangement  more 
difficult  than  before.  While  the  four  families  already  described  may  still  be 
recognized  as  fairly  distinct  groups,  they  do  not  adapt  themselves  to  a  phylo- 
genic  scheme  such  as  would  seem  to  be  demanded  by  the  long  historic  series 
now  known,  and  in  which  cognizance  is  taken  of  the  facts  of  geographic  dis- 
trilmtion.  The  evolutionary  history  of  the  Ichthyosauria  now  extends  from 
the  Middle  Triassic  to  the  Cretaceous,  a  considerable  series  of  forms  being 
known  from  all  of  the  principal  marine  horizons  representing  this  division  of 
geologic  time.  We  find  the  Ichthyosauria  as  a  group  showing  a  remarkable 
unity  with  a  fairly  direct  tendency  of  evolution  marked  out  in  all  the  subdivi- 
sions, and  a  considerable  number  of  stages  are  passed  through  in  the  known  his- 
tory. It  is  therefore  to  be  expected  that  to  express  the  classification  of  the 
group  in  the  form  of  phylogeny  would  be  a  fairly  simple  matter.  In  a  gen- 
eral way  the  horizontal  classification,  viz.,  that  recognizing  the  forms  of  only 
one  horizon,  meets  few  obstacles.  In  a  linear  arrangement  the  tendency  of 
progression,  specialization,  or  evolution  is  distinct,  and  the  stages  recorded  are 
fairly  definite.  In  viewing  the  whole  scheme  both  horizontal  and  linear  it  is, 
however,  difficult  to  discover  characters  which  are  fundamental  and  persistent, 
or  which  are  adaptive  and  persist  unchanged  to  such  a  degree  that  they  may 
be  used  in  a  classification  scheme.  To  a  certain  extent  it  is  true  that  in  pass- 
ing from  one  period  to  another  the  characters  considered  as  diagnostic  are 
replaced  by  others. 

The  characters  on  which  the  classification  of  the  Ichthyosauria  was  based 
by  Baur  included  only  modifications  of  the  extremities  and  dentition,  both  of 
them  features  which  would  most  readily  respond  in  adaptation  to  aquatic  con- 
ditions. The  distinguishing  characters  of  the  Shastasauridae  as  originally 
described  were  found  in  the  "peculiar  articulation  of  the  dorsal  ribs,  the  form 
of  the  pelvic  arch,  and  the  presence  of  the  long-spined  chevrons."  It  has  been 

•»  liilmore,  C.  W.,  Mem.  Carneg.  Mus.,  vol.  2,  no.  2,  and  no.  9. 
«  Andrews,  C.  W.,  Geol.  Mag.,  Dec.  5,  vol.  4,  p.  202. 
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shown  more  recently  that  the  type  of  limb  structure  in  Shastasaurus  is  also 
quite  different  from  that  in  the  other  divisions  of  the  Ichthyosauria. 

Of  the  various  groups  of  characters  in  which  the  Ichthyosauria  show  dif- 
ferences, the  strongest  contrasts  are  found  in  the  (1)  limbs,  (2)  pelvic  arch, 
(3)  caudal  fin,  (4)  caudal  chevrons,  (5)  articulation  of  dorsal  ribs,  and  (6)  the 
dentition.  The  variation  in  most  of  these  characters  may  apparently  be  attrib- 
uted to  adaptation  of  the  peculiar  type  expressed  in  the  Ichthyosauria. 

If  the  ichthyosaurs  be  taken  as  a  whole,  one  of  the  most  striking  contrasts 
is  shown  in  a  comparison  of  the  Triassic  and  post-Triassic  forms,  particularly 
in  the  characters  just  mentioned,  as  is  indicated  by  the  following  table : 

JURASSIC 
TRIASSIC  CRETACEOUS 


v 

I    I    fill    111 

Ilislistf 

Rib  articulation  mainly  single  x        x        x        x        x 

Rib  articulation  mainly  double  x        x 

Distal  end  of  caudal  series  strongly  decurved  ?  ?         ?         x 

Caudal  vertebrae  with  reshaped  lower  arches        x        x        ?         x        x        x 

Pelvis  plate-like,  not  reduced  x        x        ?         x        x        x 

Pelvis  much  reduced  x        x        x 

Scapula  much  broadened  distally  x        x        x        x        x        ? 

Epipodials  separate  and  relatively  long  x        x        x        x        x*      x 

Hyperphalangy  developed  x        x 

Phalangeal  elements  sometimes  shafted  '?        x        x         ?  x 

Phalanges  polygonal  or  discoidal  ?  f         x  x        x        x 

Phalanges  reaching  double  the  normal  formula 

for  diapsidan  reptiles  ?  ?         ?  x        ? 

Teeth  numerous  x                 x        ?                  ?         x 

Teeth  differentiated  x                  ?  ?         ! 

Teeth  in  pits  x*      x                  ?  ?         f 
*  In  part. 
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Considered  without  regard  to  age,  the  dividing  line  in  the  Ichthyosauria 
would  certainly  be  drawn  between  the  well-known  Triassic  genera  on  the  one 
hand,  and  on  the  other  hand  the  post-Triassic  Ichthyosaurus  and  later  types. 
Considered  from  the  historical  point  of  view  it  might  be  presumed  that  as 
most  of  the  characters  in  which  these  groups  differ  are  closely  connected  with 
the  peculiar  kind  of  adaptation  which  we  see  here,  the  differences  simply  ex- 
press stage  of  evolution;  and  that  probably  some  of  the  known  Triassic  forms 
are  ancestral  to  Ichthyosaurs,  Baptanodon,and.Opthalino8auru8. 

If  the  post-Triassic  types  be  excluded  from  consideration,  as  presumably 
derived  from  some  of  the  known  Triassic  forms,  the  contrasts  shown  in  the 
remaining  ichthyosaurs  are  much  less  marked.  The  principal  contrasts  seen 
in  the  Triassic  forms  are  in  the  structure  of  the  podial  region  of  the  limbs,  in 
the  rib  articulation  of  the  cervical  and  dorsal  region,  and  possibly  in  the 
dentition.  In  Mixosatints  the  podial  region  is  broad  and  forms  a  relatively 
large  part  of  the  paddle.  In  the  American  Upper  Triassic  genera,  which  are 
probably  slightly  younger  than  Mixosaurus,  the  corresponding  region  forms  a 
relatively  small  portion  of  the  limb.  It  is  also  relatively  narrow  and  the 
number  of  digits  is  reduced.  In  Cymbospondylus,  from  an  earlier  Middle 
Triassic  stage  than  Mixosaurus,  the  structure  of  this  region  is  not  certainly 
known,  but  the  podial  portion  appears  to  have  three  transverse  rows  of  pha- 
langes like  Mcrrianiia,  while  the  form  of  the  distal  end  of  the  ulna  suggests 
the  presence  of  a  fourth  or  posterior  element  in  the  proximal  row  of  the  meso- 
podial  region  as  in  Mixosaurns.  In  the  rib  articulation,  Mixosaurus  seems  to 
be  characterized  by  the  presence  of  only  a  single  head  in  the  dorsal  and  cervical 
region,  and  a  possible  incipient  division  of  the  broad  heads  of  the  posterior 
dorsals  and  anterior  eaudals.  In  all  of  the  American  Triassic  genera,  except- 
ing Toretocnemus,  no  division  occurs  in  any  part  of  the  series  excepting  in  the 
the  most  anterior  portion  of  the  vertebral  column,  where  it  is  always  present. 
In  Toretocnemus  the  middle  dorsals  show  a  wide  division  of  the  rib  head. 
This  seems  to  extend  well  back  toward  the  pelvis.  The  anterior  dorsal  and 
cervical  regions  of  this  genus  are  unknown.  The  limb  structure  is  apparently 
like  that  in  Merriamia.  In  the  specimens  referred  to  Mixosaurus^}  atavus, 
the  oldest  known  ichthyosaurian  occurring  in  the  Middle  Trias,  both  single  and 
double  articulations  occur,  and  two  distinct  types  may  be  represented. 

On  the  basis  of  difference  of  limb  structure  and  rib  articulation,  Mixosaurus 
would  apparently  be  separated  from  all  of  the  American  genera  as  a  broad- 
paddled,  pentadactyl  type,  in  which  bicipital  rib  articulation  is  reduced  to  a 
minimum.  The  American  genera  including  Toretocnemus  would  be  distin- 
guished as  narrow-paddled  and  with  persistent  bicipital  rib  articulation  in  the 
cervical  region.  Toretocnemus  might  be  classed  with  the  American  shastasaur- 
inesasaform  in  which  the  limb  structure  had  become  narrowed  or  leptocheirous, 
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but  in  which  an  original  bieipital  rib  articulation  had  persisted.  The  European 
M.(  ?)  atavus  may  be  in  part  related  to  Mi.rowiu>-HN,  and  in  part  to  other  groups 
with  bieipital  rib  articulation. 

It  is  ckmbtful  whether  any  single  group  of  characters  should  be  used  in 
attempting  to  determine  the  course  of  development  or  the  relationships  of  the 
forms  in  this  order.  We  may,  however,  fix  upon  those  features  which  have- 
been  most  persistent,  and  have  generally  followed  the  most  direct  course  of 
evolution.  The  most  persistently  differing  characters  in  close  relation  to 
adaptation  are  found  in  the  variation  in  structure,  and  possibly  in  function  of 
the  paddles.  This  variation  is  apparent  from  the  Triassic  forms  up  to  the 
acme  of  the  Jurassic  representatives  of  the  group.  The  most  marked  differ- 
ence in  characters  Avhich  might  be  considered  as  fundamental  is  found  in  the 
rib  articulation.  Both  the  broad  and  narrow  types  of  paddles  are  far  removed 
from  a  primitive  form  of  the  limb.  While  the  rib  articulation  has  evidently 
also  varied  considerably  in  all  of  the  forms,  it  is  to  be  presumed  that  in  certain 
parts  of  the  vertebral  column  the  characters  have  changed  less  than  in  the  limits, 
which  are  in  closer  touch  with  the  environment. 

If  an  attempt  be  made  to  classify  all  of  the  ichthyosaurian  groups  on  the 
basis  of  the  structure  of  the  paddles  or  of  the  rib  articulation,  it  is  seen  that 
the  characters  do  not  vary  together.  They  are  so  entangled  that  broad  and 
narrow  types  of  paddles  appear  in  forms  with  mainly  bieipital  articulation, 
as  in  the  latipinnate  and  longipinnate  forms  of  Ichthyosaurus,  and  are  also 
found  in  types  with  mainly  single  articulation  as  in  the  broad-paddled  Mixo- 
saurus  and  the  narrow-paddled  Merriamia.  If  therefore  any  phylogenic 
scheme  is  to  be  based  on  these  characters,  it  will  be  necessary  to  determine 
which  of  these  two  kinds  of  variation  is  the  more  primitive,  and  which  has 
developed  secondarily  in  the  separate  lines  of  descent.  Of  the  two  sets  of 
characters,  the  nature  of  the  rib  articulation  would  seem  to  be  more  nearly 
fundamental  than  the  structure  of  the  paddles;  and  one  of  the  forms  of  rib 
articulation  is  presumably  primitive,  the  other  being  a  variation  from  it. 

From  evidence  which  has  been  presented  in  the  general  discussion  of  the 
vertebrae  (p.  53)  there  seem  to  be  some  reasons  for  considering  the  double 
articulation  as  more  probably  primitive  than  the  single  articulation.  If  such 
be  the  case,  all  Triassic  forms  excepting  Toretocnemus  and  M.(l^)  iititrtix 
must  be  set  aside  as  specialized  and  not  ancestral  to  Ichthyosaurus.  If  the 
double  articulation  be  primitive,  the  forms  with  bieipital  articulation,  as 
Ichthyosaurus  and  Baptanodon,  have  retained  a  primitive  character  not  pre- 
served in  the  shastasaurines  or  in  Mixosaurus,  and  these  groups  must  be  con- 
sidered as  specialized  branches  from  the  persistent  stock,  and  not  ancestral  to 
Ichthyosaurus. 

On  the  other  hand,  if  the  single  articulation  of  the  rib  head  be  primitive, 
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Mixosaurus  may  lead  directly  toward  Ichthyosaurus,  though  the  American 
forms  would  still  remain  as  a  separate  group,  excepting  possibly  Torcfociicmus. 
This  last  genus,  in  spite  of  the  presence  of  what  is  considered  a  primitive 
character,  is  geographically  so  situated  as  to  make  its  relationship  to  Ichthyo- 
saurus very  doubtful',  and  the  similarity  of  its  limb  structure  to  that  of  Mcr- 
riann'a  makes  it  probable  that  it  is  to  be  considered  as  a  persistently  primitive 
form  coming  from  the  same  stock  as  Mcrrnuuia. 

If  the  double  rib  articulation  be  primitive,  there  is  as  yet  no  form  known 
which  would  be  considered  as  the  ancestral  ichthyosaurian  type,  unless  it  be 
one  of  the  imperfectly  known  forms  of  J/.(?)  atavus  of  Europe.  If  for  no 
other  reason,  the  geographic  situation  of  this  type,  which  is  itself  a  factor  in 
classification,  is  such  as  to  suggest  that  Ichthyosaurus  is  descended  from  it, 
and  that  Mixosaurus  is  also  derived  from  it.  Whether  the  American  genera 
can  be  considered  as  derived  from  If. (I)  atavus  or  from  some  earlier  form 
must  be  left  undetermined  until  more  is  known  of  3/.(?)  atavus.  As  yet  the 
available  material  is  very  scanty.  The  geographic  situation  of  M.  (  ?)  atavus 
is  also  very  distant  from  that  of  the  oldest  American  Middle  Triassic  forms, 
and  the  disparity  in  age  is  not  great;  so  that  the  ancestors  of  the  American 
forms  may  have  come  from  some  region  other  than  Europe. 

AVithout  being  able  to  construct  a  thoroughly  satisfactory  phylogenic  scheme, 
there  appears  to  be  good  reason  for  considering  that  there  are  present  in 
the  known  material  representing  this  order,  at  least  four  groups  in  which  the 
common  origin  of  the  constituent  members  is  fairly  certain,  and  in  which  the 
rank  of  the  larger  included  groups  is  high  enough  so  that  the  four  divisions 
must  themselves  be  considered  as  not  ranking  lower  than  subfamilies.  These 
divisions  are  the  Ichthyosauridae,  Baptanodontidae,  and  Mixosauridae  of  Baur, 
and  the  Shastasauridae  of  Merriam.  Of  these  groups  the  Ichthyosauridae 
and  Baptanodontidae  are  both  types  with  bicipital  articulation  of  the  dorsal 
ribs.  They  are  otherwise  closely  related,  and  may  be  brought  together  as  one 
group,  which  might  well  be  designated  the  Ichthyosauridae  with  two  divisions. 
If  Ichthyosaurus  is  divided  into  several  genera  as  is  the  present  tendency  of 
writers,  and  if  Baptanodon  is  to  be  distinguished  generically  from  Opthalmo- 
saurus,  this  family  should  be  subdivided  into  two  subfamilies,  the  Ichthyosau- 
rinae  and  Baptanodontinae. 

The  relation  of  the  American  shastasaurs  to  the  mixosaur  group  is  not  entirely 
clear,  but  the  character  of  the  dorsal  rib  articulation  and  the  general  correspond- 
ence in  other  parts  of  the  skeleton  suggest  that  the  resemblance  may  mean  more 
than  primitiveness  alone,  and  that  these  two  divisions  should  be  united  in  a  larger 
group  of  family  rank,  the  Mixosauridae  with  the  Shastasaurinae  and  Mixosaur- 
inae  as  subdivisions. 

The  following  arrangement  seems  most  nearly  to  represent  the  relations  of 
these  groups: 
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Ichthvosauria 


Mixosauridae 

Mixosaurinae 
Mixosaurus 

Shastasaurinae 
Cymbospondylus 
Merriamia 
fToretoen&mus 
Dclphinosaunis 


Ichthyosauridae 
IcMhyosaurinae 

Ichthyosaurus 
Baptanodontinae 
Baptanodon 
Opthalmosaurus 


Shastasaurus 

In  this  arrangement  Toretocn<>>nu*  is  placed  with  the  Shastasaurinae  as  a 
type  in  which  the  rib  articulation  has  remained  more  primitive  than  in  the 
others,  or  has  been  secondarily  divided  in  the  posterior  dorsal  region.  J/.  ( ?) 
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ittnintismay  be  associated  with  either  of  the  two  families;  it  may  he  subdivided 
into  two  quite  distinct  groups  and  associated  with  both;  or  it  may  be  consid- 
ered ancestral  to  both. 

The  phylogenetic  scheme  on  the  preceding  page  illustrates  the  broader  rela- 
tionships of  the  ichthyosaur  groups,  as  they  may  be  assumed  to  be  situated  on  the 
basis  of  a  primitive  bicipital  rib  articulation. 

The  major  divisions  of  the  Ichthyosauria  may  be  denned  as  follows: 

ICHTHYOSAURIA. 
MIXOSAURIDAE. 

Articulation  of  dorsal  ribs  generally  unicipital.  Hypocentral  elements  of 
the  caudal  region  uniting  to  form  long-spined  chevrons.  Distal  region  of 
caudal  series  not  strongly  decurved.  Zygapophyses  in  anterior  half  of  ver- 
tebral column  consisting  of  distinctly  separated  lateral  faces.  Number  of 
presacral  vertebrae  may  reach  65.  Pelvic  elements  plate-like,  relatively  large. 
Scapula  expanded  distally.  Epipodial  elements  relatively  elongated,  and 
separated  by  a  cleft  (excepting  in  Shastdsaurus  careyi).  Hyperdaetyly  not 
developed.  Hyperphalangy  less  marked  than  in  Ichthyosauridae.  Phalangeal 
elements  frequently  elongated  and  shafted.  Facial  region  shorter  and  max- 
illary longer  than  in  Ichthyosauridae.  Orbits  relatively  small  in  most  forms. 
Postorbital  bar  not  markedly  narrowed.  Teeth  few  to  numerous,  isodont  or 
differentiated,  in  open  grooves  or  in  pits. 

Mijcosaurinae.'  Presacral  vertebrae  48-50  (?).  Cervicals  with  unicipital 
rib  articulation  (?).  Distal  region  of  caudal  series  curved  upward  anterior 
to  the  posterior  end,  and  slightly  decurved  distally;  neural  spines  elongated 
and  erected  in  the  region  of  curvalure.  Pubis  without  obturator  notch  or 
foramen.  Interclavicle  with  expanded  median  stem.  Podial  portion  of  pad- 
dles relatively  long  and  broad,  five  digits  present.  Orbits  moderately  large. 
Teeth  well  spaced,  set  mainly  in  pits,  differentiated. 

Shastasaurinae.  Presacral  vertebrae  45  ( ?)  to  65.  Cervicals  with  bicipital 
rib  articulation.  Distal  region  of  caudal  series  as  in  the  Mixosaurinae,  or 
somewhat  decurved  as  in  the  Ichthyosauridae.  Pubis  with  obturator  notch  or 
foramen.  Paddles  with  relatively  short  and  narrow  podial  region.  Digits 
where  known  reduced  to  three  or  four.  Orbits  small  to  large.  Postorbital 
bar  not  greatly  narrowed.  Teeth  numerous,  close  set  in  open  grooves  or  in  pits. 

ICHTHYOSAURIDAE. 

Articulation  of  the  presacral  ribs  mainly  bicipital.  Hypocentral  elements 
of  the  caudal  region  sometimes  absent,  when  present  not  meeting  to  form  long- 
spined  chevrons.  Distal  portion  of  caudal  series  sharply  decurved  and  enclosed 
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in  the  lower  portion  of  a  two-lobed  sculling  fin.  Zygapophyses  consisting  of 
a  single  anterior  or  posterior  face.  Presacral  vertebrae  about  45  in  number. 
Pelvic  elements  much  reduced.  Scapula  narrow  distally.  Hind  limbs  gener- 
ally much  reduced.  Epipodial  elements  very  short  and  not  separated  by  a 
cleft.4"  Hyperdactyly  frequent.  Hyperphalangy  very  pronounced.  Phalan- 
geal  elements  polygonal  or  rounded.  Facial  region  relatively  long.  Maxillary 
relatively  short.  Orbits  very  large.  Postorbital  bar  generally  narrow.  Teeth 
numerous,  isodont,  in  open  grooves. 

Ichthyosaurinae.  Hypocentral  caudal  elements  usually  present.44  Inferior 
pelvic  elements  separate  or  fused.  Epipodial  region  of  anterior  limbs  including 
only  two  elements.4'1  Epipodial  bones  angular  in  outline.  Phalangeal  elements 
polygonal,  sometimes  notched  on  the  anterior  side  in  the  anterior  row.  Teeth 
numerous. 

Baptanodontinae.  Hypocentral  elements  reduced,  or  absent  from  caudal 
region.  Ilium  and  ischium  fused.  Epipodial  elements  three  in  number  in  the 
anterior  limb.  All  limb  elements  excepting  the  propodial  and  anterior  epipodial 
are  discoidal  in  form,  and  with  excavated  or  pitted  margins.  Orbits  very  large, 
and  postorbital  bar  very  narrow.  Teeth  few  and  small. 

SYSTEMATIC  DESCRIPTIONS. 

MIXOSAUBUS(  ?)  ATAVUS  (Quenstedt). 

Ichtliyosaimts  atavtis  Quenstedt.  Petrefactenknnde,  Aufl.  I.  1852.  p.  129;  Aufl.  II.  IStiT. 

p.  160,  Taf.  6,  fig.  7-10. 
Mixosaurus  atavus,  major  and  minor  (Fraas).     Ichthyosaurier  d.  Siidentschen  Trias- 

and  Jura-  Ablagerungen,  1891,  p.  37,  Taf.  1,  fig.  17  and  18 ;  Taf.  3,  fig.  1-16. 
IclithyoftaurusC!)  atavus  (Merriam).     Am.  Jour.  Sc.,  vol.  19,  p.  30.    Jan.,  1905. 

To  this  species  Quenstedt  referred  a  number  of  fragmentary  Triassic  speci- 
mens evidently  representing  ichthyosaurians.  In  the  absence  of  distinguishing 
characters  it  was  included  in  the  genus  Ichthyosaurus.  In  additional  material 
of  similar  type  Fraas  recognized  characters  separating  this  form  from  Ich- 
thyosaurus, and  included  it  in  the  genus  Mixosaurus,  which  had  been  described 
by  G.  Baur  from  a  study  of  the  Italian  Triassic  material.  More  recently 
Merriam  has  questioned  the  generic  identity  of  this  form  with  the  species  re- 
ferred to  Mixosaurus. 

Vertebral  Column. — The  vertebrae  of  this  form  are  known  through  a 
comparatively  few  specimens,  nearly  all  of  which  are  represented  by  centra 
without  arches. 


43  Very  exceptionally  slightly  separated. 

44  See  page  46. 

4°  Rarely,  as  in  Ichthyosaurus  extremus,  with  more  than  one  element. 
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111  the  collection  of  the  Koniglichen  \aturalien-<  abinet  of  Stuttgart  there 
is  a  small  centrum  which,  as  far  as  can  he  determined,  agrees  in  all  its  char- 
acters with  the  most  anterior  dorsal  or  cervical  centra  of  lclillt//o*<iurnx  or 
Cymbospondylus.  It  is  somewhat  hroader  than  high,  and  apparently  had  two 
lateral  facets  for  rih  articulation  (fig.  61).  The  upper  portion  of  the  vertebra 
is  however  damaged  so  that  the  complete  separation  of  the  facets  cannot  now 
be  proved.  The  upper  facet  was  evidently  continuous  with  the  superior  sur- 
face for  articulation  with  the  neural  arch.  A  somewhat  broken  cent  nun,  no. 
3068,  in  the  collection  of  the  Polytechnikum  of  Zurich  seems  also  to  belong  in 
this  region,  as  the  superior  articulation  with  the  rib  is  continuous  with  the 
articular  surface  for  the  upper  arch.  Part  of  the  lateral  face  of  the  vertebra 
was  unfortunately  covered  with  matrix.  This  centrum  is  nearly  circular  in 
cross-section.  The  one  from  the  Stuttgart  collection  has  nearly  the  same  form, 
but  is  a  little  broader,  indicating  probably  a,  position  near  the  posterior  end  of 
the  cervical  region. 

There  are  no  vertebrae  available  which  represent  the  middle  dorsal  region, 
unless  possibly  a  specimen  (fig.  62)  figured  by  Fraas  (1891,  Taf.  3,  fig.  12) 
belongs  there.  This  last  vertebra  is  a  very  little  higher  than  wide  and  seems  to 
bear  a  single  small  apophysis  just  above  the  middle.  The  writer  has  not  seen 
so  small  an  apophysis  for  unicipital  articulation  of  dorsal  ribs  in  any  ichthy- 
osaur,  but  apophyses  for  rib  articulation,  of  this  size  and  similarly  situated  on 
the  side  of  the  centrum,  are  found  in  the  middle  tail  region.  The  width  of  the 
centrum  is,  however,  greater  than  is  generally  seen  in  caudal  centra  of  Triassic 
genera  and  the  inferior  surface  seems  to  show  no  facets  for  chevrons.  Fraas 
considered  this  centrum  a  caudal.  If  it  is  not  a  caudal,  it  might  possibly  be 
considered  as  an  anterior  dorsal  in  which  the  tubercle  of  a  widely-forked  rib 
head  rested  entirely  on  the  base  of  the  upper  arch. 

Several  vertebrae  differing  considerably  in  their  characters  seem  to  repre- 
sent the  posterior  portion  of  the  dorsal  region.  Of  these  the  larger  number 
are  like  figures  63,  p.  50;  and  11 5«  and  115&.  The  first  of  these  two  specimens 
was  described  by  Fraas,  the  second  is  from  the  collection  at  Ziirich.  The  form 
of  the  first  centrum  and  the  inferior  position  of  the  apophyses  can  probably 
indicate  no  other  position  in  the  column  than  that  near  the  pelvic  region.  The 
inferior  surface  is  rounded,  showing  no  facets  for  hypocentra,  and  it  is  evi- 
dently not  a  caudal  but  a  posterior  dorsal.  Other  centra  including  one  (figs. 
116w  and  116Z>)  from  the  collections  at  Ziirich,  and  two  from  the  collections 
of  the  Technische  Hochschule  of  Stuttgart  show  a  form  of  the  centrum  some- 
what similar  to  those  just  described,  but  support  only  a  single  lateral  apophysis. 
There  are  in  these  specimens  no  distinct  traces  of  facets  for  intercentra,  and 
it  is  not  probable  that  they  were  situated  far  behind  the  pelvic  region. 

The  first  indication  seems  to  be  that  the  forms  of  centra  discussed  above 
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Il5a 


115b 


11 6a 


1 16b 
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117b 
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119 


120a 
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120c 


Figs.  115rt  to  120r.  Mixosaurm  (  ?)  atavm  (Quenstedt).  All  figures  natural  size.  Figures  except- 
ing 118  and  119  from  rough  sketches  by  the  author. 

Figs.  115a  and  1156.  Posterior  dorsal  vertebra  showing  double  rib  articulation.  From  the  col- 
lections of  the  Polytechnikum,  Zurich. 

Figs.  116a  and  1166.  Posterior  dorsal  showing  single  rib  articulation.  From  the  collections  of 
the  Polytechnikum,  Zurich. 

Figs.  117a  and  1176.  Posterior  dorsal  showing  double  rib  articulation.  From  the  collections  of 
the  Polytechnikum,  Zurich. 

Figs.   118  and   119.     Caudal  vertebrae.      (After  Fraas.) 

Figs.  120o  to  120c.  Anterior  caudal  vertebra  showing  facets  for  chevrons.  From  the  collec- 
tions of  the  Polytechnikum,  Zurich. 
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show  bicipital  rib  articulation  in  the  dorsal  region  in  one  case  and  unicipital 
articulation  in  the  other.  That  forms  of  articulation  as  different  as  these 
occurred  in  the  same  region  of  the  vertebral  column  in  variations  of  the  same 
specific  or  even  generic  type  seems  improbable.  It  appears  that  we  are  dealing 
either  with  different  parts  of  the  vertebral  column  of  similar  individuals,  or 
with  quite  different  types  occurring  toge ther,  like  Torctocnemus  and  Merriamia 
in  the  Upper  Triassic  of  California. 

With  some  evidence  of  double  articulation  in  the  anterior  dorsal  region  and 
also  in  certain  posterior  dorsals,  it  is  possible  that  all  ribs  back  to  the  pelvis 
were  double-headed,  and  that  the  vertebrae  possessing  a  single  large  lateral 
apophysis,  but  without  facets  for  lower  arches,  were  in  the  pelvic  region  or 
immediately  behind  it. 

If  it  should  be  shown  that  figure  62  page  50,  really  represents  a  type  with 
unicipital  middle  dorsal  ribs  it  is  probable  that  there  are  two  types  represented, 
one  with  mainly  or  entirely  single-headed  ribs  and  the  other  with  double- 
headed  ribs  back  at  least  to  the  pelvis. 

In  neither  case  does  there  seem  to  be  evidence  that  there  are  double  rib 
articulations  in  the  caudal  region,  behind  vertebrae  to  which  single-headed  ribs 
are  attached. 

A  typical  vertebra  from  anterior  portion  of  the  caudal  region  is  repre- 
sented in  figures  ]20a,  120?;,  and  120c.  The  centrum  shows  some  lateral 
compression  and  has  a  hexagonal  cross-section.  The  inferior  surface  presents 
prominent  angles  on  which  distinct  facets  for  the  inferior  arches  are  present. 
Other  posterior  caudals,  one  of  which  shows  a  high  degree  of  lateral  compres- 
sion, are  represented  by  figures  118  and  119  (Fraas,  1891,  Taf.  3,  figs.  15&  and 
16&). 

Most  of  the  forms  of  vertebral  centra  seen  in  the  specimens  described  above 
do  not  correspond  exactly  to  those  of  other  ichthyosaurians.  In  those  with 
double-headed  rib  articulation  the  heads  seem  to  have  been  more  widely  sepa- 
rated in  the  posterior  dorsal  region  than  in  Ichthyosaurus.  This  may  indicate 
a  more  primitive  stage  of  a  reptilian  form  originally  with  double-headed  ribs, 
from  which  Ichthyosaurus  is  derived.  The  centra  in  which  the  position  in  the 
vertebral  series  has  been  determined  by  the  form  of  the  cross-section,  and  by 
the  confluence  of  the  upper  portion  of  the  rib  articulation  with  that  for  the 
upper  arch,  are  much  like  cervicals  of  Ichthyosaurus,  Shastasaurus,  or  Gym- 
bospondylus.  In  the  centra  with  single  articulation  in  the  pelvic  region  the 
form  is  not  very  different  from  that  in  Cymbospondylus.  If  the  specimen 
represented  in  figure  62,  page  50,  is  a  middle  dorsal  it  is  different  from  any  other 
form  known,  but  would  apparently  approach  nearer  to  Mixosaurus  than  to  any 
other  genus. 

As  far  as  has  been  observed  the  centra  of  all  of  the  vertebrae  of  the  M.  (  ?) 
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<it(i en s  type  are  deeply  biconcave  and  do  not  show  a  marked  flattening  of  the 
anterior  and  posterior  faces  near  the  periphery  (figs.  117r/  and  117^).  An  ex- 
ception may  appeal-  in  some  of  the  distal  caudals. 

Of  the  vertebral  arches  the  only  one  known  to  the  writer  is  the  upper  arch 
(figs.  34a-34c)  described  by  Fraas  (1891,  Taf.  3,  figs.  6a-r).  This  is  an  ante- 
rior dorsal  arch  of  much  the  same  type  as  in  C  ynibospondylus.  The  zygapo- 
physial  facets  are  very  primitive  in  that  they  are  still  distinctly  separated,  they 
do  not  fall  into  the  same  plane,  and  they  are  still  far  from  coming  into  a  hori- 
zontal position. 

Limb  and  Arch  Elements. — The  only  limb  bones  of  Jl/.(?)  atai'iix  known, 
include  a  humerus  described  by  Fraas  (1891,  Taf.  3,  fig.  5),  and  several' sep- 
arated podial  elements  figured  by  Quenstedt  (1852,  Taf.  6,  figs.  9-10).  The 
humerus  is  a  slender  but  not  greatly  elongated  element  with  a  very  high  pec- 
toral ridge.  Though  somewhat  damaged  distally  it  does  not  appear  to  be  more 
slender  than  the  propodial  element  in  a  number  of  other  ichthyosaurians  (see 
von  Huene  1902,  p.  11 ).  The  other  known  limb  elements  are  possibly  mesopod- 
ials. 

A  number  of  bones  from  the  arches  are  known  but  have  not  yet  been  de- 
scribed. 

Jdtcs  and  Dentition. — Of  the  skull  only  a  few  fragments  consisting  of  jaws 
are  described.  Excepting  the  somewhat  greater  prominence  of  the  surface 
sculpture,  and  the  insertion  of  the  teeth  these  elements  are  much  as  in 
Ichthyosaurus. 

The  dentition  which  is  fortunately  known  in  several  jaw  fragments  presents 
interesting  characters  which  suggest  that  Mixosaurus  is  possibly  a  closely  re- 
lated type.  In  the  several  specimens  which  Fraas  had  before  him  there  were 
present  a  portion  of  an  anterior  end  of  a  jaw  with  slender  conical  teeth  (fig. 
15,  p.  28)  and  a  part  of  a  jaw  in  which  there  are  two  teeth  with  low  blunt 
crowns  (fig.  16,  p.  28).  In  one  of  the  two  teeth  in  the  second  fragment  the 
crown  is  considerably  compressed  laterally,  and  is  a  little  lower  than  in  the 
other.  In  both  teeth  the  crown  shows  surface  markings  on  the  enamel,  and  is 
apparently  not  reduced  by  wear.  The  bases  exhibit  strong  folds  of  the  dentine, 
and  appear  to  be  partly 'in  pits.  These  specimens  apparently  indicate  a  dif- 
ferentiated dentition  similar  to  that  seen  in  Mixosaurus.  The  structure  and 
insertion  of  these  teeth  are  somewhat  like  that  of  the  ichthyosaurians  described 
from  the  Trias  of  Spitsbergen  (see  p.  149). 

MIXOSAURUS  Baur. 

Ichthyosaurus  (Bassani),  Atti  della  Soc.  Ital.  di  Sc.  Nat.,  vol.  29,  p.  15. 
Mixosaunix  Baur.  Ber.  d.  20  Versam.  d.  Oberh.  (ieol.  Ver.,  1887,  p.  19. 

Distal  end  of  caudal  region  slightly  bent  but  not  sharply  decurved  as  in 
Ichthyosaurus,  broadened  by  elongation  and  erection  of  the  vertebral  arches. 
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Caudal  vertebrae  with  Y-shaped  chevrons.  Rib  articulation  mainly  single- 
headed,  with  a  disposition  to  divide  indistinctly  shown  in  the  posterior  dorsal 
and  anterior  caudal  regions.  Inferior  pelvic  elements  plate-like.  Interclavicle 
tending  to  assume  a  triangular  rather  than  a  T-shaped  form.  Anterior  limbs 
and  arches  considerably  larger  than  posterior.  Humerns  not  relatively  elon- 
gated compared  with  Ichthyoxinn-iis,  in  some  instances  much  abbreviated  or 
broadened.  Epipodial  elements  relatively  elongated,  radius  with  median  con- 
striction, ulna  convex  on  posterior  border.  Digits  five,  maximum  number  of 
phalanges  ten  to  eleven  in  the  longest  digit.  Phalanges  generally  somewhat 
elongated  and  with  median  constriction  or  lateral  notch.  Elements  of  poste- 
rior limbs  generally  less  specialized  than  those  of  anterior  limb.  Skull  rela- 
tively large  compared  with  size  of  trunk.  Facial  region  relatively  short  and 
maxillary  relatively  long  compared  with  the  form  in  Ichthyosaurus.  Orbits 
large.  Dentition  showing  some  differentiation,  anterior  teeth  slender-conical, 
posterior  teeth  blunt-conical.  Teeth  rather  widely  spaced,  and  set  mainly  in 
distinct  pits. 

The  genus  Mixosaurux  was  based  by  Baur  on  Bassani's  Ichthyosaurus 
conniJitnuis  of  the  bituminous  shales  in  the  Upper  Triassic  of  Besano  in 
northern  Italy.  Though  material  from  other  regions  and  other  horizons  has 
been  referred  to  this  genus,  it  is  not  certain  that  any  of  these  forms  really 
represent  Mifowuirns.  In  the  following  discussion  only  the  typical  material 
from  Italy  is  referred  to  this  genus.  The  other  forms  may  be  doubtfully  re- 
ferred to  this  group  or  may  be  referred  to  other  genera,  as  will  be  indicated 
elsewhere. 

Known  only  from  the  Triassic. 

.MIXOSAURUS  CORNALIANUS  (Bassani). 

Iclitliuoxnurus  cornaliunus  Bassani,  Atti  della  Soc.  Ital.  di  Sc.  Nat.,  vol.  29,  p.  15. 
Mijrosaurux  conHiliaimx  (Baur),  Ber.  d.  20  Versam.  d.  Oberrh.  Geol.  Ver.,  1887,  p.  19. 
Mixoftintnix  i-ornaUanus  (Repossi),  Atti  della  Soc.  Ital.  di  Sc.  Nat.,  vol.  41,  p.  7. 

The  material  representing  this  species  now  in  the  Civic  Museum  of  Milan 
includes  a  number  of  very  excellent  specimens,  well  illustrating  the  structure 
of  nearly  all  of  the  important  parts  of  the  skeleton.  The  descriptions  of 
Bassani  and  Baur  having  given  only  a  suggestion  of  the  characters  present  in 
this  interesting  animal,  Dr.  E.  Repossi  (1902)  has  made  a  satisfactory  com- 
parison with  this  material  possible,  through  the  publication  of  a  number  of 
excellent  figures  accompanied  by  a  general  description  of  the  skeleton. 

The  specimens  known  are  mostly  small  forms  only  a  few  feet  in  length. 
There  are  a  few  remains  of  larger  individuals,  but  the  average  size  of  the  forms 
is  small  compared  with  most  other  known  ichthyosaurian  groups.  In  contrast 
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with  Ichthyosaurus  of  the  Jurassic,  Mixosaurus  shows  decidedly  less  of  the 
extreme  specialization  in  adaptation  to  aquatic  life.  Although  not  only  a 
typical  aquatic  form,  but  already  far  advanced  along  this  line  of  specialization, 
in  nearly  all  respects  in  which  comparison  can  be  made,  it  is  decidedly  more 
like  a  shore  animal  than  are  the  Jurassic  ichthyosaurs.  This  incompleteness  of 
adaptation  is  seen  particularly  in  the  organs  of  locomotion,  but  is  also  expressed 
more  or  less  distinctly  in  other  portions  of  the  body.  Though  Mixosituni*  is 
probably  not  more  primitive  than  the  Middle  Triassic  Ichthyosauria  of  America, 
it  is  evidently  one  of  the  most  generalized  members  of  the  group. 

Some  characters  in  which  Mixosaurus  departs  from  the  typical  ichthyosaurs 
possibly  represent  specializations  of  this  particular  genus  rather  than  per- 
sistent primitive  characters.  The  uniformly  small  size,  in  itself  a  primitive 
character,  has  however  tended  to  keep  the  North-Italian  forms  more  generalized 
in  certain  respects  than  some  of  the  larger  forms  of  the  American  Trias. 


121      122       123     124     125    126 

Figs.  121  to  126.     Mixosaurus  cornalianus  (Bassani).     Pigs.   121    to   125,  after   Bepossi.     Fig.   126, 
from  rough  sketch  by  the  author.     Figs.  121  to  125,  natural  size.     Fig.  126,  about  natural  size. 

Figs.  121  and  122,  dorsal  vertebrae;  fig.  123,  neural  arch  of  a  dorsal  vertebra;   fig.   124,  caudal 
centrum;  figs.  125  and  126,  lower  arches  of  caudal  vertebrae. 

Vertebral  Column. — Several  of  the  best  specimens  taken  together  represent 
practically  the  whole  of  the  spinal  column,  though  in  most  specimens  it  is 
hardly  possible  to  obtain  thoroughly  satisfactory  information  concerning  all 
regions  of  the  series.  According  to  Repossi,  the  vertebral  column  consists  of 
about  one  hundred  to  one  hundred  and  five  vertebrae.  Judging  from  his 
figure  (1902,  tav.  8,  fig.  1)  of  a  nearly  complete  specimen  there  were  between 
forty-five  and  fifty  presacrals.  In  one  of  the  Milan  specimens  the  writer  has 
counted  about  seventy-six  vertebrae  behind  the  posterior  limb.  These  two 
estimates  would  seem  to  bring  the  total  number  up  to  one  hundred  and  twenty. 
The  number  of  presacrals  appears  approximately  the  same  as  that  in  Ichtlit/o- 
Mtiirus,  though  a  complete  specimen  might  show  a  few  more  than  the  average 
for  the  later  genus.  This  is  in  strong  contrast  to  the  presacral  formula  of 
Cymbospondylus,  which  comprises  more  than  sixty-five  vertebrae. 

As  in  all  other  ichthyosaurians  the  centra  are  biconcave.  The  concavity 
appears  to  extend  well  out  toward  the  margins  (fig.  121),  and  is  not  expressed 
mainly  near  the  middle  of  the  centrum,excepting  possibly  in  the  caudals. 
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Throughout  the  larger  part  of  the  column,  back  to  the  middle  of  the  caudal 
region,  the  neural  spines  are  relatively  high  and  slender,  but  are  not  greatly 
broadened  anteroposterioiiy.  The  zygapophyses  are  distinctly  developed  (lig. 
123),  but  are  not  particularly  large  or  strong.  The  writer  is  uncertain  as  to 
whether  the  zygapophysial  facets  are  separated. 

In  the  characters  of  the  caudal  region  Mi.rvwmriiH  differs  greatly  from 
IchthyoNdtiritN,  and  to  a  considerable  extent  indicates  less  complete  adaptation 
to  aquatic  conditions.  In  its  broader  outlines  the  tail  seems  to  differ  consider- 
ably from  the  caudal  region  of  all  later  Ichthyosauria.  In  contrast  to  the 
form  of  caudal  fin  seen  in  Irlitliij<»«tnrnH,  in  which  the  distal  portion  of  the 
vertebral  column  is  rather  sharply  deflexed,  the  Mi.rosmtruH  specimens  avail- 
able show  near  the  end  a  gentle  upward  curvature  of  the  column,  which  then 
bends  down  again  and  straightens  out  near  the  distal  portion.  ( See  fig.  45,  p. 
42,  and  fig.  50,  p.  43.)  The  structure  seen  here  would  evidently  offer  sup- 
port to  a  distal  expansion  of  the  tail,  and  would  considerably  increase  its  power 
beyond  that  of  the  form  of  propelling  tail  which  is  commonly  found  in  types 
which  inhabit  both  shore  and  water.  This  fin  would  possibly  have  less  power 
than  the  wider  expansion  of  the  double-lobed  fin  of  the  typical  Ichthyosaurus. 
Evidently  the  form  seen  here  marks  the  transition  from  the  straight,  but  some- 
what broadened,  tail  of  a  shore  dweller  to  the  specialized  fluke  of  the  later 
ichthyosaurs. 

As  has  been  shown  by  Repossi  (1902,  tav.  9,  fig.  8),  the  superior  arches  of 
the  caudal  vertebrae  near  the  bend  in  the  tail  are  extraordinarily  high,  and 
tend  to  take  an  erect  position;  those  over  the  posterior  portion  of  the  bend 
inclining  forward.  This  peculiar  feature  is  noticed  in  those  exhibition  speci- 
mens in  Milan  in  which  the  caudal  region  is  well  shown.  Its  function  is 
evidently  the  broadening  of  the  caudal  fin  at  the  point  where  the  greatest 
amount  of  power  can  be  applied  to  the  best  advantage.  It  is  paralleled  in 
several  other  groups  of  aquatic  saurians  in  which  the  adaptation  has  been 
generally  considered  somewhat  less  complete  than  in  the  ichthyosaurs.  In  the 
mosasaurian  genus  Clidastes  the  relations  of  this  portion  of  the  tail  region  are 
somewhat  similar.  (See  fig.  51,  p.  44). 

In  addition  to  increase  of  the  height  of  the  tail  through  the  elevation  of  the 
superior  arches  we  find  the  centra  of  a  considerable  portion  of  the  tail  region 
very  much  compressed  laterally  and  relatively  high  (fig.  124). 

As  in  the  American  Triassic  forms,  the  lower  arches  of  the  caudal  region 
are  united  ventrally  to  form  long-stemmed  chevrons.  The  form  of  these 
chevrons  is  not  unlike  that  in  Delphi  no  saurus  perrini.  It  is  possible  that  Re- 
possi's  fig.  9c,  tav.  9  (1902)  represented  as  an  upper  arch  is  really  a  chevron, 
as  it  duplicates  the  form  of  chevrons  shown  in  the  specimens  in  the  Milan 
museum.  (See  figs.  125  and  126.)  It  may  be  noted  that  the  space  available 
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for  the  spinal  canal  is  relatively  much  larger  than  in  the  large  unquestionable 
neural  arches  figured  by  Repossi  (1902,  tav.  9,  fig.  9&).  The  lower  arches 
extend  behind  the  bend  in  the  tail  and  appear  to  be  at  least  as  long  in  that  region 
as  are  the  considerably  shortened  neural  arches. 

The  nature  of  the  inferior  arches  below  the  region  in  the  tail  in  which  the 
upper  arches  are  elongated  most  is  not  clear.  According  to  Repossi 's  repre- 
sentation of  this  region  (1902,  tav.  9,  fig.  8),  the  facets  for  chevrons  are  much 
reduced  or  absent  here.  The  inferior  arches  sketched  in  dotted  lines  in  Re- 
possi's  figure  do  not  actually  exist  in  the  specimen.  On  another  specimen  in 
which  the  caudal  region  is  otherwise  well  shown,  the  hypocentra  are  again 
absent  from  this  region.  Though  lower  arches  arc  present  farther  back  in  the 
tail,  it  is  possible  that  they  became  reduced  below  the  region  of  upward  curv- 
ature. 

Ribs. — In  contrast  to  the  bi capital  articulation  in  the  typical  ichthyosaurs, 
the  heavy  ribs  of  the  dorsal  region  articulate  on  a  single  head  (see  fig.  60^,  p. 
49),  as  has  been  shown  by  Repossi.  In  the  cervical  region  the  rib  articula- 
tion seems  to  be  single-headed  as  in  the  dorsal  region.  On  one  specimen  a 
short  rib,  apparently  belonging  to  the  third  or  fourth  vertebra  behind  the  skull, 
has  a  single  head.  As  interpreted  and  figured  by  Repossi,  the  ribs  of  the  pos- 
terior dorsal  or  lumbar' vertebrae  are  double-headed.40  In  discussing  this  pecul- 
iarity of  Mixosaurus,  Yakowlew  (1902. 1  and  2)  has  suggested  that  as  the  single- 
headed  rib  precedes  the  double-headed  in  the  history  of  the  Ichthyosauria,  the 
latter  form  is  evidently  to  be  derived  from  a  single  articulation  by  some  pro- 
cess of  division  of  the  rib  head.  Since  this  division  seemed  to  appear  first  in 
the  pelvic  region  of  Mixosaurus  the  suggestion  was  made  that  its  appearance 
was  connected  with  the  extraordinary  movements  of  this  portion  of  the  body  in 
the  use  of  the  tail  as  a  sculling  organ.  The  relations  of  the  ribs  of  Mixosaurus 
as  described  being  entirely  different  from  those  of  the  American  forms,  in 
which  a  double  articulation  occurs  in  the  neck  only;  the  writer  has  examined, 
as  carefully  as  possible,  the  excellent  specimens  on  exhibition  in  the  Milan 
museum,  for  evidence  bearing  on  this  point.  This  examination  shows  that  in 
some  cases  at  least  the  short  ribs  near  the  pelvic  region  or  the  base  of  the 
tail  have  broad  undivided  heads,  as  in  the  shastasaurian  forms  of  the  American 
Trias.  In  other  instances  ribs  belonging  to  the  anterior  caudal  region  seem 
actually  to  showr  a  beginning  division  of  the  articular  face.  In  one  case  where 
the  evidence  seemed  strongest,  the  apophysis  on  the  vertebral  centrum  showed 
also  some  indication  of  division.  It  should,  however,  be  noted  that  even  in 
this  instance  the  evidence  hardly  appears  to  warrant  a  definite  statement  that 
double  articulation  occurs,  as  the  side  of  the  vertebral  centrum  is  badly  broken 
up,  and  does  not  present  a  satisfactory  case.  The  heads  of  these  ribs  are, 

*«  Through  a  typographical  error  the  original  descriptions  did  not  agree  with  the  figures. 
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moreover,  not  fully  exposed,  and  it  is  not  impossible  that  careful  preparation 
with  a  needle  will  show  that  the  apparent  gap  between  the  two  rib  heads  is 
filled  by  a  bridge  of  bone,  now  covered  by  matrix  lying  in  a  lateral  groove. 
It  is  also  worth  noting  that  with  the  form  which  these  ribs  appear  to  have  as 
they  lie  in  the  matrix,  the  upper  head  could  not  come  into  direct  articulation 
with  the  diapophysis  without  elevating  the  shaft  above  the  level  of  the  other  ribs. 

Though  it  is  difficult  to  make  certain  of  the  identity  of  all  of  the  specimens 
which  have  been  described  by  Repossi,  it  has  appeared  to  the  writer  that  the 
most  strongly  forked  rib  figured  by  him  (1902,  tav.  9,  fig.  10)  possibly  corre- 
sponds to  a  cross-section  of  a  certain  neural  arch  which  is  associated  with  other 
specimens  that  have  evidently  been  the  originals  for  some  of  his  excellent 
figures  of  vertebrae  and  ribs. 

On  the  whole,  the  few  instances  in  which  bifurcation  of  the  articular  heads 
of  ribs  may  occur,  seem  to  the  writer  to  be  not  sufficiently  clear  to  warrant  a 
definite  statement  that  these  ribs  are  normally  divided,  though  a  tendency  in 
that  direction  may  possibly  exist.  On  the  other  hand,  that  such  a  disposition 
to  divide  should  exist  is  rather  remarkable  when  we  consider  that  the  Ameri- 
can Triassic  forms  show  an  evident  tendency  to  lose  the  bicipital  articulation, 
and  that  they  retain  it  only  in  the  anterior  vertebrae.  In  the  typical  Ichthyo- 
xn/irus  and  in  Baptanodon,  where  double-headed  ribs  are  well  developed 
through  the  greater  part  of  the  costal  series,  the  pelvic  and  caudal  regions  are 
the  only  places  where  they  do  not  normally  occur. 

Abdominal  ribs  are  present  in  the  Milan  specimens  of  Mixosaurus.  In 
Repossi 's  figures  they  resemble  those  of  the  American  Triassic  forms  in  the 
union  of  the  pieces  next  the  middle  line  of  the  abdomen  to  form  a  median 
spine,  though  the  spine  appears  to  be  longer  and  more  acute  than  in  Cymbo- 
spondylus. 

Extremities. — As  was  first  shown  by  Baur  (1887,  1),  the  limbs  of  Mixo- 
x< mrus  furnish  fairly  definitely  evidence  that  the  ancestral  ichthyosaurian  type 
was  a  shore  form.  In  Baur's  figure  of  the  limb  the  characters  of  the  propo- 
dial  and  epipodial  segments  were  somewhat  exaggerated,  as  the  bones  in  this 
region  are  really  less  slender  and  relatively  less  elongated.  In  other  portions 
of  the  limb,  which  were  possibly  not  examined  by  Baur,  other  characters 
appear  which  also  point  definitely  toward  an  ancestral  form  with  a  simple  type 
of  limb  like  that  in  a  shore  form.  The  characters  emphasized  by  Baur  are 
therefore  not  to  be  considered  as  incidental  or  accidental  developments  parall- 
eling what  is  seen  in  an  ambulatory  type  of  limb,  but  they  express  in  one  way 
what  is  also  definitely  shown  in  other  parts  of  the  limb,  or  in  the  limb  as  a  whole, 
and  is  distinctly  visible  in  most  other  parts  of  the  body. 

Fortunately  a  number  of  the  Mixosaurus  specimens  in  the  Milan  museum 
are  preserved  in  a  fine  shale,  and  as  the  individuals  are  small,  the  limbs  have 
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in  some  instances  been  buried  almost  entire  before  decomposition  could  permit 
a  scattering  of  the  elements.  The  figures  of  an  anterior  and  a  posterior  limb 
shown  by  Repossi  (1902,  tav.  9,  figs.  2  and  3)  evidently  represent  almost  perfect 
extremities.  Contrary  to  what  might  have  been  expected  from  what  is  known 
of  some  other  primitive  Triassic  ichthyosaurians,  the  posterior  limbs  are  very 
considerably  reduced  in  size  below  the  dimensions  of  the  anterior  limbs.  Evi- 
dently the  hind  limbs  had  already  to  some  extent  lost  their  usefulness,  and 
were  degenerating. 

The  anterior  limb  while  considerably  larger  than  the  posterior  one  is  also 
in  some  respects  more  specialized.  In  other  words  it  has  retained  larger  size 
as  advantageous  in  the  performance  of  its  peculiar  functions  connected  with 

locomotion  by  swimming.  The  hind  limbs  not  being  re- 
quired in  swimming  as  much  as  the  fore  limbs  have  grad- 
ually become  reduced,  but  have  not  in  the  course  of  this 
reduction  been  forced  to  acquire  as  many  new  characters  in 
adaptation  to  aquatic  conditions.  The  anterior  limb  (fig. 
127)  is  more  primitive  than  that  of  the  typical  TclitJii/o- 
MiHnts  in  several  important  particulars:  the  epipodial  ele- 
ments are  elongated  and  separated  by  a  wide  gap;  the 
number  of  digits  is  the  normal  five;  the  phalangeal  ele- 
ments are  less  numerous  than  in  most  ichthyosaurs ;  in 
many  cases  the  phalanges  are  relatively  elongated  and  show 
a  median  constriction.  The  humerus  of  Mixosaurus  does 
not  show  particularly  primitive  characters.  Compared  with 
most  species  of  Ichthyosaurus  it  is  a  relatively  short  and 
broad  element,  The  humerus  figured  by  Repossi  (1902,  tav. 
9,  fig.  2),  with  the  remainder  of  the  limb,  though  a  relative- 
ly wide  bone  is  verv  much  narrower  than  in  certain  other 
specimens  in  the  Milan  collection.  In  one  specimen  the 
width  of  the  Immerus  equals  more  than  two-thirds  of  the 
length.  On  the  whole,  the  shortening  of  the  humerus  in 
Mixosaurus  is  fully  as  pronounced  as  in  Ichthyosaurus  or  B<i}>t<nio(lou.  In 
some  cases  it  is  almost  as  extreme  as  in  some  of  the  specialized  ichthyosaurs  of 
the  shastasaur  group.  In  one  specimen  showing  what  is  apparently  the  lower 
side  of  the  humerus  a  well  developed  pectoral  ridge  extends  along  about  two- 
thirds  of  the  length  of  the  bone. 

In  Mixosaurus  hyperdactyly  seems  not  to  have  developed,  and  hyperphalangy 
is  not  as  far  advanced  as  in  Ichthyosaurus.  The  number  of  the  phalanges 
is  nevertheless  far  in  advance  of  the  normal,  at  least  ten  separate  elements 
being  present  in  the  median  digits.  More  strikingly  primitive  than  the  other 
characters  of  the  digits  is  the  tendency  of  particularly  the  proximal  three  to 


Fig.  127.  Mixosaurus  cor- 
iialiiinux  (Bassani).  An- 
terior limb,X%.  (Adapt- 
ed from  Eepossi.) 
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six  phalanges  of  each  digit  to  show  an  elongated  form  with  a  median  constric- 
tioii.  In  the  distal  phalanges,  which  are  possibly  added  elements,  the  notches 
arc  less  distinct  or  absent.  As  originally  suggested  by  Lydckker  for  the  notches 
on  the  margins  of  certain  podial  elements  in  the  paddles  of  longipinnate 
ichthyosanrs,  these  notches  or  constrictions  evidently  indicate  an  original 
shafted  form  of  the  phalanges,  which  has  been  entirely  lost  in  Baptanodon  and 
in  most  of  the  late  ichthyosanrs.  The  constriction  of  the  phalangeal  elements 
is  in  reality  somewhat  more  strongly  expressed  on  the  specimens  than  it  appears 
in  Repossi 's  illustrations. 

On  one  specimen  where  both  fore  and  hind  limbs  are  represented  the  hind 
limb  appears  to  be  less  than  two-thirds  the  size  of  the  anterior-one,  and  the 
1  tones  of  the  pelvis  appear  correspondingly  small.  Both  propodial  and  epipo- 
dial  elements  are  here  more  slender  and  generally  more  primitive  than  in  the 
anterior  limb.  (See  fig.  97,  p.  66.)  The  phalanges  are  also  more  slender  and 
seem  not  to  have  increased  in  number  to  such  an  extent. 

In  the  first  row  of  the  mesopodial  section  of  the  hind  limb  figured  by 
Repossi  (1902,  tav.  9,  fig.  3),  as  in  the  anterior  limb,  four  elements  appear 
instead  of  three.  (See  fig.  311,  p.  70).  The  structure  which  appears  in  this 
case  is  unusual  but  is  probably  explained  by  another  specimen  (fig.  110,  p.  70) 
in  the  Milan  museum,  in  which  only  three  elements  are  present  in  the  prox- 
imal row.  The  lunate  intermediate  element  in  the  second  specimen  almost 
closes  the  gap  between  the  tibiale  and  fibulare,  but  in  a  second  row  of  bones  three 
elements  articulate  with  the  distal  border  of  the  intermedium;  of  these  the 
anterior  one  has  crowded  up  between  the  tibiale  and  intermedium  so  as  almost 
to  corne  in  contact  with  the  tibia.  In  the  specimen  figured  by  Repossi  this 
element  of  the  second  row  seems  to  have  reached  the  tibia.  This  explanation 
not  only  accounts  for  the  fourth  element  of  the  proximal  row  but  may  also 
explain  the  presence  next  the  posterior  border  of  tarsale  one,  and  apparently 
functioning  as  tarsale  two,  of  an  element  showing  a  strong  median  constriction. 
This  constricted  bone  has  the  appearance  of  a  metapodial  or  phalange,  and  if 
the  explanation  given  above  is  correct  it  is  really  a  metapodial  moved  upward 
into  the  position  of  tarsale  two.  This  does  not,  however,  explain  the  presence  of 
lateral  notches  in  other  evident  mesopodials  shown  in  figure  110. 

Limb  Arches.— All  four  elements  of  the  pectoral  arch  are  figured  by 
Repossi.  (See  fig.  80,  p.  59.)  The  coracoid  and  scapula  are  represented  as 
almost  identical  in  form.  So  similar  are  they  that  unless  corresponding 
elements  from  the  opposite  side  of  the  body  are  known,  and  show  similar  evi- 
dence as  to  relative  position,  these  two  bones  might  be  suspected  of  being 
either  two  coracoids  or  two  scapulae.  Their  form  is  not  entirely  similar  to 
that  of  any  elements  in  the  pectoral  arches  of  other  ichthyosaurians. 
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The  clavicle  is  slender  compared  with  the  corresponding  element  of  Cym- 
bospondylus.  The  median  end  in  contact  with  the  interdavicle  is  considerably 
expanded,  but  the  middle  and  lateral  portions  arc  very  slender.  The  median 
stem  of  the  interdavicle  is  much  more  expanded  laterally  than  in  the  other 
known  genera,  and  gives  to  the  element  as  a  whole  a  nearly  triangular  form.  In 
other  ichthyosaurians  the  median  arm  is  narrow  and  the  element  takes  on  the 
T  form.  From  beds  referred  to  the  lower  Muschelkalk,  Von  Huene  (1902,  p. 
11)  has  described  a  more  robust  and  more  nearly  perfectly  triangular  inter- 
clavicle.  (See  fig.  81,  p.  60.)  The  form  of  this  element  suggests  its  possible 
origin  for  the  median  plate  in  the  stegocephalian  pectoral  arch. 

Without  more  definite  evidence  as  to  their  position  it  is  not  possible  to  make 
certain  of  the  identity  of  the  two  inferior  elements  of  the  ]>c/rir  t/irdh'.  (See 
fig.  71,  p.  56.)  Neither  element  shows  the  obturator  notch  or  foramen  present 
in  all  of  the  other  Triassic  genera.  As  shown  in  the  figure  the  bone  labeled 
Pn?  resembles  the  ischium  of  Delphinosaurus,  but  is  also  like  the  pubis  of 
Toretocnemus  minus  the  pubic  foramen.  The  element  /.sf  approaches  the 
form  of  the  ischium  in  Toretocnemus  and  Shastasaums,  and  is  also  like  the 
pubis  of  Delphinosaurus  or  Shastasauriis  minus  the  anterior  hook.  Both  in- 
ferior elements  are  much  expanded,  as  in  the  other  characteristic  Triassic 
ichthyosaurian  genera.  The  ilium  is  relatively  short  and  is  somewhat  widened 
distally  as  in  most  of  the  Triassic  forms.  On  the  whole  the  pelvis  shows  as 
close  a  resemblance  to  that  of  Cymbospoiidi/his  as  to  that  of  any  of  the  Triassic 
genera. 

Skull. — The  principal  features  of  the  cranium  of  Mixosaurus  have  been 
represented  by  Repossi,  but  as  yet  the  individual  elements  have  not  all  been  de- 
scribed in  detail.  The  skull  is  as  a  whole  relatively  large  compared  with  the 
trunk.  If  any  estimate  can  be  made  from  the  nearly  complete  specimen  fig- 
ured by  Repossi  (1902,  tav.  8,  fig.  1),  the  length  of  the  skull  equaled  about  65 
per  cent,  of  the  length  of  the  trunk.  In  Cymbospondylus  the  length  equals 
about  36  per  cent. ;  in  Ichthyosaurus4"  it  may  equal  80  per  cent.  The  facial  re- 
gion is  elongated  and  evidently  slender,  but  is  not  developed  proportionately 
as  in  the  later  ichthyosaurs.  The  superior  narial  openings  are  situated  much 
as  in  Ichthyosaurus.  The  orbits  are  large,  though  possibly  somewhat  smaller 
than  in  Ichthyosaurus.  The  rostral  region  is  formed  largely  of  the  premaxil- 
laries,  though  the  maxillaries  are  relatively  larger  than  in  most  ichthyosaurs. 
Repossi 's  figures  seem  to  indicate  that  the  nasals  are  greatly  expanded  as  in  the 
other  genera.  A  considerable  number  of  sclerotic  plates  in  the  orbit  show  the 
existence  of  a  large  orbital  ring.  The  elements  of  the  posterior  portion  of  the 
skull  are  not  clearly  shown. 

The  long  and  slender  mandibular  rami  do  not  appear  to  differ  materially 

«  7.  integer.    See  Fraas,  E.,  1891,  Taf .  7. 
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from  the  jaws  of  Ichthyosaurus.  In  the  eoronoid  region  no  distinct  process 
is  developed,  but  there  is  some  indication  of  a  flattened  area  on  the  superior 
margin  as  in  Cymbospondylus. 

Dent ih'oii. — In -the  characters  of  its  dentition  Mixosaurns  seems  to  repre- 
sent a  peculiar  ichthyosaurian  type.  As  was  shown  in  part  by  Baur,  the  den- 
tition is  characterized  by  the  relatively  small  number  of  differentiated  teeth 
set  in  the  narrow  alveolar  margins.  In  an  upper  jaw  figured  by  Repossi  (see 
tigs.  13  and  14,  p.  28)  there  must  have  been  about  twenty  to  twenty-three  teeth 
present.  On  a  lower  jaw  there  have  been  forty  or  more.  In  Irltflt/joNtnirttx 
Fraas  places  the  number  for  long-jawed  forms  at  about  fifty  teeth  per  jaw. 
In  all  of  the  specimens  shown,  the  teeth  are  set  in  open  order,  particularly  in 
the  anterior  portion  of  the  jaws,  where  they  may  be  separated  by  a  space 
equaling  from  two  to  five  or  six  times  the  diameter,  of  the  basal  portion  of  their 
crowns.  Many  of  the  roots  are  in  distinctly  separated  alveoli.  The  anterior 
teeth  of  both  jaws  are  long  and  slender.  Toward  the  back  of  the  jaws  the 
crowns  become  lower  and  their  basal  diameter  increases  somewhat.  The  most 
posterior  crowns  may  have  a  basal  diameter  twice  as  large  as  that  of  the  an- 
terior teeth,  and  a  crown  only  half  as  high.  Repossi 's  figures  do  not  indicate 
the  presence  of  a  large  amount  of  cement  on  the  roots,  nor  is  there  indication 
of  folding  of  the  basal  portion  of  the  dentine  as  in  M.  (  ?)  atavus.  The  enamel 
of  the  crowns  seems  in  some  cases  to  be  sharply  striated. 

Classification. — As  yet  only  one  species,  M.  cornalianus,  has  been  described 
which  can  be  referred  with  certainty  to  this  genus.  Most  of  the  other  forms 
which  have  been  referred  to  Mixosaurus  might  with  equal  right  be  placed  in 
some  other  genus.  It  is  not  improbable  that  some  of  the  Italian  specimens 
now  available  will  be  found  to  vary  specifically  from  the  type  of  Bassani's 
cornalianus. 

CYMBOSPONDYLUS  Leidy. 

Cynibospondylus  Lcidy,   Proc.  Philad.  Acad.  Nat.  Sc.,  vol.  20,  p.  177,  1868. 
Cynibospondylus  (Merriam),  Univ.  Calif.  Publ.  Geol.,  vol.  3,  p.  104,  1902. 
Cynibospondylus   (Merriam),  Univ.  Calif.  Publ.,  vol.  4,  p.  33,  1905. 

Presacral  region  of  vertebral  column  including  about  65  vertebrae.  Distal 
end  of  caudal  region  slightly  decurved.  Neural  arches  turned  forward  in  re- 
gion of  curvature.  Vertebral  centra  of  distal  caudal  region  much  compressed 
laterally.  Caudal  vertebrae  with  Y-shaped  chevrons.  Rib  articulation  single- 
headed  excepting  in  the  anterior  region  of  the  vertebral  column. 

Anterior  arches  and  limbs  but  little  larger  than  posterior.  Interclavicle 
unknown.  Humerus,  radius,  and  ulna  relatively  long  and  narrow,  ulna  and 
radius  both  with  median  constriction.  Digits  unknown.  Inferior  pelvic  ele- 
ments broad,  plate-like.  Femur  somewhat  more  primitive  than  humerus. 


104  MEMOIRS  OF  TTTE  UNIVERSITY  OF  CALIFORNIA. 

Skull  with  narrow  rostrum  consisting  in  a  large  part  of  prenmxillaries. 
Facial  region  relatively  shorter  than  in  Ichthyosaurus,  and  maxillary  rela- 
tively larger.  Orbits  relatively  small,  postorbital  bar  broad,  but  without  lateral 
temporal  opening.  Basioceipital  with  concave  condyle.  Dentition  isodont. 
Teeth  numerous,  set  in  pits  in  some  cases  at  least. 

Known  only  from  the  Middle  Triassic  of  the  West  Humboldt  and  New  Pass 
ranges  of  Nevada. 

Three  species  of  Cymbospondylus,  C.  pcti-hntx,  ('.  /j/.sro.sM.v.  and  C.  (jnuidis 
were  described  by  Leidy  from  fragmentary  vertebrae. 

C.  petrinus  is  represented  by  forms  attaining  a  length  of  thirty  feet  or 
more.  The  anterior  and  posterior  faces  of  the  vertebral  centra  are  sharply 
concave  in  the  central  region,  but  are  nearly  flat  in  the  peripheral  half  of 
the  face.  The  anteroposterior  diameter  of  the  dorsal  centra  is  less  than  one- 
half  of  their  height. 

The  single  fragmentary  specimen  of  C.  piscosus  represents  a  form  smaller 
than  the  average  of  C.  pctrinns.  The  vertebral  centra  are  relatively  longer, 
their  anteroposterior  diameter  equaling  more  than  half  of  the  height.  The 
anterior  and  posterior  faces  of  the  centra  are  sharply  and  regularly  concave 
from  the  periphery  to  the  center  of  the  face. 

C.  grandis  was  founded  on  a  fragment  of  a  caudal  vertebra  from  the  West 
Humboldt  Range,  and  possibly  represents  a  large  individual  of  C.  petrinus. 

Fragmentary  material  recently  obtained  at  New  Pass,  Nevada,  is  referred 
to  a  new  species,  C.  nevadanus.  It  is  distinguished  mainly  by  the  short  and 
massive  elements  of  the  epipodial  region  of  the  hind  limb. 

CYMBOSPONDYLUS  PETRINUS  Leidy. 

Cymbospondylus  petrinus  Leidy,  Proc.  Philad.  Acad.  Sc.,  1868,  vol.  20,  p.  178. 
Chonespondylus  grandis  Leidy,  Ibid. 

Cymbospondylus  petrinus  (Merriam),  Univ.  Calif.  Publ.,  vol.  3,  p.  106. 
Cymbospondylus?  grandis  (Merriam),  Ibid. 

This  species  is  the  best  known  of  the  American  Triassic  ichthyosaurs,  being 
represented  by  many  individuals,  which  collectively  exhibit  the  greater  part 
of  the  skeletal  structure.  It  occurs  in  the  exposures  of  Middle  Triassic  lime- 
stones in  the  West  Humboldt  Range  of  Nevada.  Closely  allied  to  the  typical 
C.  i>etrinus  is  a  form,  C.  Hcvadanus,  which  has  been  obtained  in  Middle  Tri- 
assic limestones  exposed  at  New  Pass,  twenty-eight  miles  west  of  Austin, 
Nevada. 

C.  petrinus  is  represented  by  individuals  averaging  over  twenty  feet  in 
length.  In  one  very  large  skull,  no.  9954,  which  does  not  seem  to  be  specifi- 
cally separable  from  this  form,  the  dimensions  of  corresponding  parts  are 
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about  50  per  cent,  larger  than  in  specimen  9950  of  C.  petrinus,  in  which  the 
length  was  over  thirty  feet.  The  anterior  portion  of  the  rostrum  of  speci- 
men 995-1  is  absent,  but  the  remaining  part  of  the  skull  is  over  five  feet  in  length. 

Skull. — The  structure  of  the  skull  in  this  type  is  fortunately  almost  per- 
fectly shown  in  specimens  9950  and  9913  from  American  Canon  (pis.  2-6). 
Other  skulls,  some  of  which  are  nearly  as  complete,  show  similar  structure. 
In  no.  9950  the  skull  is  preserved  intact,  and  has  been  almost  entirely  freed 
from  the  matrix  with  relatively  little  difficulty.  Excepting  a  slight  depression 
of  the  frontal  region  practically  no  distortion  has  occurred. 

Though  it  is  relatively  primitive  in  many  respects,  the  skull  in  this  form  is 
typically  ichthyosaurian.  Like  the  typical  Jurassic  genera,  the  facial  region 
is  relatively  long  and  slender,  the  premaxillaries  and  nasals  are  very  largely 
developed,  the  frontals  are  small  or  are  largely  covered  by  the  nasals,  the 
superior  nares  occupy  a  nearly  median  position,  and  a  heavy  sclerotic  ring  is 
present.  In  contrast  to  the  later  forms  the  maxillaries  are  relatively  larger, 
the  snout  shorter,  the  orbits  smaller,  and  the  lateral  temporal  region  broader 
aiiteroposterioiiy.  In  these  respects  the  skull  is  more  primitive  than  any  de- 
scribed form  from  a  later  period. 

Compared  with  the  length  of  the  trunk  the  skull  is  relatively  short.  As 
nearly  as  can  be  estimated,  the  length  equals  a  little  more  than  one-third  that 
of  the  dorsal  region.  The  skull  of  Mixosaurus  seems  to  be  relatively  much 
longer,  equaling  about  two-thirds  the  length  of  the  trunk,  while  in  Ichthyo- 
saurus the  relative  length  may  be  as  great  as  80  per  cent. 

In  this  species  the  antorbital  portion  of  the  skull  is  elongated  as  a  rostrum, 
which  narrows  gradually  along  practically  the  whole  distance  out  toward  the  an- 
terior end,  though  the  diminution  in  width  is  less  noticeable  immediately  beyond 
the  anterior  ends  of  the  maxillaries.  The  rostral  region  represents  about  60  per 
cent,  of  the  total  length  of  the  skull,  but  is  relatively  shorter  than  in  any  other 
ichthyosaurian  with  which  the  writer  has  any  acquaintance,  excepting  Ichthyo- 
saurus breviceps,  from  the  Lower  Lias,  in  which  the  length  is  55  per  cent.  The 
extent  of  the  maxillary  anterior  to  the  orbit  is  relatively  larger  than  in  any  other 
ichthyosaurian.  It  amounts  to  48  per  cent,  of  the  length  of  the  antorbital  region 
in  this  form,  while  in  /.  breviceps  with  a  somewhat  shorter  rostrum,  in  which  one 
would  expect  to  find  the  maxillary  relatively  long,  it  is  less  than  40  per  cent. 

The  premaxillaries  extend  more  than  half  the  total  length  of  the  skull.  For 
a  little  more  than  half  of  their  length  behind  the  anterior  end  of  the  rostrum 
they  meet  dorsally.  Behind  this  point  they  are  separated  by  the  nasals.  In 
specimen  9950  the  posterior  ends  pass  above  the  anterior  ends  of  the  superior 
narial  openings,  but  do  not  appear  to  extend  any  distance  below  them  as  seems 
to  be  the  case  in  most  other  ichthyosaurians.  In  another  specimen  (no.  9954) 
the  superior  narial  opening  is  cut  into  the  posterior  part  of  the  premaxillary 
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to  some  extent.  In  the  rostral  region  the  preniaxillaries  are  sculptured  so  as 
to  produce  a  peculiar  roughened  surface. 

The  maxittaries  are  longer  in  specimen  9950  than  in  any  other  described 
ichthyosaurian,  both  in  relation  to  the  length  of  the  cranium  and  to  that  of  the 
rostral  region.  Almost  if  not  quite  half  of  the  dentigerous  margin  of  the  upper 
jaw  is  situated  on  these  elements.  A  large  lachrymal  is  clearly  defined  on  this 
and  other  specimens.  In  specimen  9954  it  reaches  forward  to  the  posterior 
border  of  the  superior  nares. 

The  nasals  are  large  and  extend  back  over  the  frontals  almost  to  the  pineal 
foramen. 

In  the  frontal  region  of  Cymbospond-ylus  the  nasals  seem  to  cover  as  large  a 
portion  of  the  frontal  element  as  in  Ichthyosaurus.  This  might  be  suspected  to 
be  due  in  part  to  the  displacement  of  the  very  thin  posterior  edges  of  the  nasals, 
but  the  area  exposed  in  preparation  is  probably  nearly  normal,  since  in  several 
specimens  prepared  the  border  has  always  exhibited  the  same  characteristically 
marked  outline. 

In  contrast  to  the  situation  in  Ichthyosaurus  the  large  pineal  foramen  is 
surrounded  mainly  by  the  parietal  instead  of  wholly  or  in  a  large  part  by  the 
frontals.  A  prominent  crest  rises  rapidly  behind  the  anterior  ends  of  the  pa- 
rietals  reaching  a  very  considerable  elevation  above  the  middle  of  the  superior 
temporal  openings.  The  pineal  foramen  is  situated  in  the  anterior  portion 
of  this  crest,  where  it  occupies  such  a  position  that  it  is  directed  partly  upward 
and  partly  forward. 

One  of  the  most  striking  features  of  the  skull  in  specimen  9950  (see  pis.  2 
and  6)  is  the  relatively  small  size  of  the  orbit,  as  compared  with  that  of  the 
later  ichthyosaurs.  The  orbit  as  it  appears  in  plate  2  is  very  slightly  depressed, 
but  the  amount  of  overlap  of  the  broken  upper  end  of  the  jugal  amounts  at 
most  to  not  more  than  twenty-five  millimeters  or  a  little  more  than  one-sixth 
of  the  height  of  the  orbit.  In  another  specimen  (no.  9913,  see  pi.  6)  crushed 
laterally  so  that  the  height  of  the  orbit  would  tend  to  be  increased,  the  size 
of  the  orbit  is  also  relatively  small.  In  specimen  9950  the  anteroposterior 
diameter  of  the  orbit  is  about  one-sixth  the  length  of  the  skull,  in  spite  of  the 
fact  that  the  rostral  region  is  relatively  short.  In  Baptanodon  as  figured  by 
Gilmore"  (see  also  fig.  5)  the  length  of  the  orbit  is  only  a  little  less  than  one- 
fourth  that  of  the  whole  skull  including  the  much  elongated  snout.  The 
relative  size  of  the  orbit  is  particularly  noticeable  in  comparison  with  the  an- 
teroposterior diameter  of  the  lateral  temporal  region.  The  anteroposterior 
diameter  of  the  lateral  temporal  area  equals  about  83  per  cent,  of  the  fore  and 
aft  diameter  of  the  orbit  in  Cymbospondylns  (no.  9950) ;  in  Baptanodon  it 
appears  to  be  less  than  25  per  cent. 

o  Gilmore,  0.  W.,  Mem.  Carneg.  Mus.,  vol.  2,  pi.  8. 
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The  jit(/<iJ  is  considerably  expanded  horizontally,  and  is  comparatively  thin 
vertically,  its  transverse  diameter  equaling  more  than  twice  its  vertical  thick- 
ness. Its  vertical  diameter  below  the  middle  of  the  orbit  appears  somewhat  less 
than  in  Baptttnotion,  and  less  than  in  most  forms  of  Ichthyosauri!*.  The  pos- 
terior end  reaches  upward  and  backward  to  meet  the  quadratojugal  above  the 
inferior  temporal  notch. 

The  exposed  portion  of  the  post  orbital  appears  to  have  an  approximately 
triangular  form,  though  its  upper  posterior  portion  may  extend  backward 
beneath  the  supratemporal  as  in  Sliaslaxa/irns,  and  its  anterior  limits  above  the 
orbit  are  not  clearly  determined.  No  suture  line  between  the  prcfroi/tal  and 
postfrontal  can  be  distinguished  on  any  specimen  examined,  nor  is  there  a  line 
of  demarcation  observable  between  postfrontal  and  postorbital.  The  anterior 
end  of  the  prefrontal  is  overlapped  by  the  lachrymals  and  the  nasals.  The 
posterior  end  of  the  postfrontal  extends  back  over  the  squamosal  almost  to  the 
posterior  end  of  the  temporal  region. 

A  well  preserved  sclerotic  ring  is  shown  in  specimen  9913,  and  a  complete, 
unbroken,  and  apparently  undistorted  ring  in  no.  9954.  In  each  specimen  a 
series  of  plates  comprising  one-half  of  the  ring  shows  eight  or  nine  plates, 
making  a  total  of  sixteen  to  eighteen.  Owen  counted  seventeen  in  Ichthyosau- 
rus communis,  and  Fraas  gives  the  number  as  varying  from  fifteen  to  twenty 
in  Ichthyosaurus.  Gihnore  finds  but  fourteen  plates  in  Baptanodon,  and  An- 
drews gives  the  same  number  for  Opthalmosaurus.  In  specimen  9913  the  inner 
or  median  portion  of  each  sclerotic  plate  bends  sharply  around  the  equator 
of  the  eyeball  and  extends  over  the  inner  side  of  the  eye  showing  a  flattening 
of  the  eyeball  similar  to  that  described  for  Ichthyosaurus  by  Owen50  and  for 
I!«j>tanodon  by  Gihnore.51  The  sclerotic  ring  is  smaller  compared  with  the  size 
of  the  skull  than  in  any  of  the  later  ichthyosaurs.  In  specimen  9913  the  great- 
est diameter  of  the  slightly  distorted  ring  is  a  little  more  than  10  per  cent,  of 
the  total  length  of  the  skull.  In  no.  9954  the  greatest  diameter  is  less  than  10 
per  cent,  of  the  total  length.  In  Ichthyosaurus  platyodon  and  /.  breviceps  the 
ring  is  relatively  40  or  50  per  cent,  longer. 

The  lateral  temporal  bar  of  Cymbospondylus  petrinns  is  always  charac- 
terized by  uncommon  length  anteroposteriorly.  Its  height  is  somewhat  less 
than  in  most  ichthyosaurs.  Relative  to  the  length  of  the  cranial  region  it  is 
much  less  elevated  than  in  Baptanodon.  Behind  the  jugal  the  inferior  side  of 
the  temporal  bar  is  sharply  cut  out  so  as  to  form  with  the  slightly  concave  coro- 
noid  region  of  the  mandible  an  elliptical  opening  with  its  long  diameter 
extended  anteroposteriorly.  According  to  the  suggestion  of  McGregor"  the 


5"  Owen,  E.,  Liassic  Reptilia,  part  3,  p.  103.     London,  1881. 
si  Gilmore,  C.  W.,  Am.  J.  Sc.,  vol.  23,  p.  194,  1907. 
••-  McGregor,  J.  H.,  Mem.  Am.  Mus.,  vol.  9,  p.  91. 
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temporal  bar  originally  enclosed  a  lateral  temporal  opening,  which  was  closed 
through  gradual  anteroposterior  compression  of  the  bar,  owing  to  the  enlarge- 
ment of  the  orbit.  In  this  form  the  bar  shows  fully  as  much  area  on  the  side 
of  the  skull  as  in  many  reptilian  forms  possessing  a  lateral  temporal  fenestra. 
Though  the  temporal  bar  has  probably  been  somewhat  reduced  by  enlargement 
of  the  orbit,  it  seems  very  doubtful  whether  it  ever  really  enclosed  a  lower  tem- 
poral fenestra. 

The  squaniftsal  bone  is  a  tri radiate  element,  as  in  other  ichthyosaurs,  one 
branch  extending  forward  and  outward  along  the  outer  border  of  the  superior 
temporal  opening,  one  forward  and  inward  along  the  outer  side  of  the  poste- 
rior arm  of  the  parietal,  and  one  reaching  down  to  meet  the  pterygoid  on  the 
anterior  plate  of  the  quadrate.  In  a  lateral  view  of  the  skull  the  squamosal 
represents  only  a  small  part  of  the  exposed  area  of  the  temporal  bar,  as  the 
lateral  anterior  arms  are  largely  covered  by  long  posterior  processes  of  the 
postfrontal,  which  reach  almost  to  the  upper  posterior  angles  of  the  skull.  The 
large  supratemporal  is  apparently  triangular,  the  acute  anterior  angle  extending 
forward  between  the  postorbital  and  postfrontal.  The  superior  margin  in  con- 
tact with  the  squamosal  and  postfrontal  forms  a  nearly  straight  line.  The  in- 
ferior border  is  in  broad  contact  with  the  quadratojugal  as  in  Ichthyosaurus. 
In  Baptanodon  this  contact  is  very  narrow7,  and  the  temporal  bar  is  exceedingly 
narrow  at  this  point.  The  quadratojugal  extends  downward  almost  to  the 
articular  surface  of  the  quadrate  and  is  covered  above  by  the  supratemporal. 
Inferiorly  it  reaches  forward  over  the  inferior  temporal  notch  to  meet  the 
jugal.  The  lower  side  is  considerably  thickened  a  short  distance  above  the 
border. 

The  occipital  region  of  this  species  (pi.  5,  fig.  1)  is  less  satisfactorily  known 
than  the  other  parts  of  the  skull,  as  the  difficulties  of  preparation  have  been 
relatively  great.  In  specimen  9950  most  of  the  elements  of  the  occipital  region 
seem  to  be  in  nearly  their  original  position,  but  the  exact  form  of  some  of  the 
bones  cannot  be  definitely  determined.  In  specimen  9913  the  skull  has  been 
broken  through  obliquely  in  the  occipital  region,  and  the  structure  of  some  of 
the  elements  is  more  clearly  shown. 

The  basioccipital  has  a  peculiar  and  characteristic  form  in  that  its  artic- 
ular face  for  contact  with  the  atlas  is  deeply  concave  instead  of  convex  as"  in 
Ichthyosaurus.  In  articulation  the  broad  concave  face  of  the  basioccipital  re- 
ceived the  strongly  convex  anterior  face  of  the  atlas.  In  specimen  9950  the 
deep  concavity  on  the  posterior  face  of  the  basioccipital  extends  out  to  the 
lateral  margins.  Inferiorly  the  posterior  end  of  the  basioccipital  is  rounded, 
and  is  truncate  downward  and  forward  as  if  for  the  accommodation  of  a  hypo- 
centrum.  On  specimen  9913  the  concave  face  extends-  almost  to  the  lateral 
margins,  and  the  inferior  side  of  the  concavity  is  bounded  by  a  prominent 
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lunate  ridge,  which  tends  to  have  somewhat  the  form  of  the  spout-like  odon- 
toid process  of  the  Ungulata.  Below  the  prominent  inferior  ridge  the  inferior 
side  is  not  truncated  as  in  specimen  9950,  hut  a  sharply  concave  area  extends 
around  the  lower  side  of  the  bone  between  the  lunate  ridge  and  the  outer  mar- 
gin of  the  posterior  side.  The  form  of  the  posterior  face  of  the  basioccipital 
in  specimen  9913  suggests  that  the  concave  face  has  been  secondarily  developed 
on  a  strongly  convex  face. 

On  the  inferior  side  of  the  basioccipital  there  are  situated  two  prominent 
apophyses  similar  to  those  on  the  inferior  face  of  the  basioccipital  of  Sphenodon. 

The  small  and  somewhat  distorted  lateral  occipital*  are  seen  in  place  in 
specimen  9950.  They  appear  to  be  perforated  or  notched  for  the  passage  of 
nerves  or  blood  vessels,  as  in  many  other  ichthyosaurians.  In  specimen  9913 
an  element  possibly  representing  a  lateral  occipital  rests  upon  the  anterior 
side  of  the  basioccipital.  It  has  been  split  longitudinally  and  shows  the  pass- 
age of  a  large  foramen.  The  complete  outlines  of  the  supraoccipital  are  not 
shown,  but  its  upper  portion  is  seen  to  extend  forward  a  considerable  distance 
to  form  part  of  the  floor  of  a  deep  fossa  between  the  posterior  arms  of  the 
parietals. 

The  opisthotic  and  stapes  are  not  certainly  recognized  on  any  of  the  several 
specimens  that  have  been  carefully  examined,  but  there  seems  to  be  some 
reason  for  considering  that  the  stapes  at  least  was  a  less  conspicuous  element 
than  in  the  later  ichthyosaurs.  The  opisthotic  may  be  represented  by  a  some- 
what indefinite  element  seen  in  specimen  9950.  In  the  same  specimen  a  slender 
rod  of  bone  (.r,  pi.  5,  fig.  1)  extending  from  the  otic  region  to  the  quadrate 
may  represent  the  stapes.  A  careful  examination  of  the  well  preserved  qiiad- 
rate  has  not  shown  the  presence  of  a  distinct  pit  for  the  accommodation  of  the 
distal  end  of  a  large  stapes  such  as  is  present  in  some  of  the  later  ichthyosaurs. 

The  heavy  quadrate  of  Cymbospondylus  pctrinus  is  closely  and  broadly 
united  with  the  pterygoid,  the  squamosal,  and  the  quadratojiigal,  so  that  the 
posterior  angle  of  the  skull  must  have  been  particularly  rigid.  The  contact 
with  the  pterygoid  extends  inferiorly  to  the  articular  head  of  the  quadrate  and 
reaches  up  to  the  middle  height  of  the  quadrate,  where  the  pterygoid  meets  the 
squamosal.  The  median  side  of  the  quadrate  which  is  in  contact  with  the  ptery- 
goid extends  forward  as  a  broad  plate  much  as  in  Sphenodon.  On  the  outer 
side,  the  large  quadrate  foramen  is  overlapped  externally  in  part  by  the  supra- 
temporal.  The  broad  articular  head  of  the  quadrate  is  crossed  transversely 
by  a  marked  groove  situated  between  an  anterior  and  a  posterior  convex 
surface. 

The  general  disposition  of  the  typical  palatine  elements  on  the  inferior 
side  of  the  skull  (pi.  4)  is  not  materially  different  from  that  in  Ichtltyox«i(n<K. 
In  all  cases  the  palate  is  largely  roofed  over,  the  median  margins  of  the  ptery- 
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golds  approaching  each  other  quite  closely  buck  to  a  point  about  opposite  the 
middle  of  the  orbits.  The  relation  of  the  pterygoids  to  the  palatines  is  similar 
to  that  in  IcIitlii/oNaiirus.  The  posterior  ends  of  the  pterygoids  are  extended 
backward  as  prominent  projections  reaching  a  considerable  distance  behind 
the  basioccipital.  Between  these  processes  and  the  wings  of  the  pterygoids  in 
contact  with  the  qiiadrates  there  is  a  strongly  marked  groove  on  each  side. 

On  both  sides  of  the  palate  of  specimen  9950  the  posterior  portion  of  what 
might  be  considered  as  the  outer  wing  of  the  pterygoid  is  separated  from  the 
main  body  of  the  pterygoid  by  a  distinct  break  having  the  same  position  in  the 
two  cases.  If  the  separation  indicated  here  is  a  natural  parting  of  the  bone,  the 
posterior  element  evidently  corresponds  to  the  ectopterygoid. 

The  relations  of  the  prevomers  have  not  been  clearly  determined,  but  ap- 
pear to  be  similar  to  those  found  in  Ichthyosaurus.  The  hyoid  elements  are 
long,  slender,  slightly  curved  rods  similar  to  the  hyoids  of  Ichthyosaurus  and 
Baptanodon. 

In  specimen  9913  an  elongated  element  situated  above  the  pterygoid  may 
represent  the  epipterygoid. 

The  lower  jaw  is  slender  and  elongated  much  as  in  the  typical  ichthyosaurs. 
The  rami  are  united  in  the  symphysis  for  about  one-fourth  the  length  of  the 
jaw,  and  the  anterior  ends  of  the  splenials  are  included  in  the  symphysis.  The 
much  elongated  dentary  extends  backward  to  a  point  almost  even  with  the 
posterior  border  of  the  orbit.  The  narrowed  anterior  ends  of  the  angular  and 
surangular  extend  forward  almost  as  far  as  the  anterior  end  of  the  maxillary. 
In  specimen  9950  the  outer  side  of  the  splenial  is  exposed  for  a  short  distance 
below  the  middle  of  the  dentigerous  portion  of  the  jaw. 

On  the  outer  side  of  the  posterior  portion  of  the  mandible  the  angular  and 
surangular  occupy  about  the  same  relative  areas  as  in  Ichthyosaurus.  No  coro- 
noid  elevation  is  present,  but  the  coronoid  region  of  the  surangular  is  broad- 
ened and  flattened  above  offering  a  considerable  area  for  muscle  attachment. 
In  specimen  9950  there  is  on  the  inner  side  of  the  posterior  end  of  the  jaw 
either  a  coronoid  reaching  far  back,  or  an  element  which  has  been  known  as 
the  prearticular.  In  this  form  the  splenial  extends  back  to  a  point  below  the 
coronoid  region,  where  it  overlaps  the  inner  plate  of  the  angular.  The  splenial 
and  the  inner  plate^of  the  angular  both  overlap  an  element  (see  Cn.,  fig.  9,  p. 
27)  which  extends  from  the  coronoid  region  almost  to  the  posterior  end  of 
the  jaw.  It  extends  over  the  median  side  of  the  articular,  and  is  distinctly 
separated  from  that  bone.  The  relations  of  a  similar  element  the  writer  has 

T> 

seen  most  clearly  in  an  ichthyosaurian,  no.    ---— ,  in  the  British  Museum  of 


2180 '       , 


Natural  History.  In  this  specimen  the  splenial  extends  back  almost  to  the 
cotylus  of  the  mandible,  and  partly  covers  the  inner,  upward-curving  portion 
of  the  angular.  Lying  between  the  splenial  and  the  surangular  there  is  in 
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the  coronoid  region  a  plate-like  element  occupying  the  position  of  the  coronoid. 

This  element  extends  l)ack\vard  from  its  normal  position,  passing  bel  \vcen  the 
inner  plate  of  the  angular  and  the  inner  side  of  the  articular,  and  falling  but 
a  little  short  of  reaching  the  extreme  posterior  end  of  the  jaw.  In  a  specimen 
of  B((i>t<uto<l<m  (no.  878)  at  the  Carnegie  'Museum  in  Pittsburg  the  same  rela- 
tions of  these  elements  have  been  noted,  and  the  coronoid  extends  quite  to  the 
posterior  end  of  the  ja\v."'; 

The  articular  of  Cymbospondylus  i>cl  riimx  rises  abruptly  behind  the  eotylus 
where  the  thickened  anterior  end  forms  a  heavy  posterior  buttress  against 
which  the  quadrate  articulates  posteriorly.  It  extends  backward  to  the  poste- 
rior end  of  the  jaw,  where  it  is  again  considerably  thickened.  On  all  of  the 
specimens  that  have  been  examined,  the  posterior  portion  is  deeply  excavated 
superiorly  between  the  anterior  and  posterior  thickened  regions. 

Dentition.  —  In  general,  the  characters  of  the  dentition  of  Cymbo8pondylus 
excepting  the  insertion  are  essentially  similar  to  those  of  Ichthyosaurus.  Both 
upper  and  lower  jaws  are  set  with  conical  teeth  numbering  from  thirty  to 
thirty-five  for  each  ramus  of  the  jaw.  In  some  cases  at  least  (figs.  10  to  12), 
the  teeth  are  situated  in  completely  enclosed  bone  pits.  Though  the  ante- 
rior teeth  seem  to  have  somewhat  more  slender  crowns  than  the  most  posterior 
ones  there  appears  to  be  no  close  approach  to  the  degree  of  differentiation  seen 
in  Mi.roxiiin-nx.  The  amount  of  cement  on  the  roots  of  the  teeth  seems  to  be 
small.  The  dentine  is  strongly  folded  toward  the  base.  The  enamel  of  the 
crown  is  finely  but  sharply  striated. 

MEASUREMENTS  OF  SKULL  OF  C.  petrinus,  NO  9950. 

Greatest  length  of  skull  on  horizontal  plane  ..................................................................  1166  mm. 

Length,  anterior  end  of    premaxillary  to  posterior  border  of    pineal 

foramen  ............................................................................................................................  814 

Length,  anterior  end  of  premaxillary  to  anterior  border  of  left  orbit  ...  717 

Length.  anterior  end  of  premaxillary  to  anterior  end  of  maxillary  .........  373 

Greatest  height  of  skull  .......................................................................................................  365 

Premaxillary,  anteroposterior  diameter  ..............................................  650 

Anterior  end  of  nasals  to  anterior  border  of  pineal  foramen  ........................  380 

Supratemporal  fenestra,  anteroposterior  diameter  .................................  190 

Lateral  temporal  bar,  anteroposterior  diameter  ..........................................  160 

Orbit,  anteroposterior  diameter  ...................................... 

Orbit,  height  .................................................................................  115 

Length  of  right  ramus  of  mandible  ................................... 

Mandible,  height  below  middle  of  orbit  ..................  114 


VcrtchniJ  ColioHii.  —  The  most  nearly  complete  specimen  which  has  been  ex- 
amined (no.  9950)  shows  a  practically  complete  vertebral  series  back  to  the 


-a  Gilmore,  C.  W.,  Mem.  Carneg.  Mus.,  vol.  2,  pp.  97  and  98,  and  pi.  11,  fig.  2. 
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middle  caudal  region  (fig.  128).  Excepting  the  dis- 
location of  some  of  the  anterior  vertebrae,  and  a 
small  gap  above  the  pelvis,  the  series  is  unbroken. 
Out  of  the  total  number  of  84  vertebrae  present,  67 
are  evidently  presacrals.  The  location  of  the  sacral 
region  is  pretty  definitely  fixed,  both  by  the  position 
of  the  pelvis  and  by  the  reduction  in  length  of  the 
ribs.  The  elements  of  the  pelvis  are  still  in  their 
natural  positions  with  reference  to  each  other,  and 
the  ilium  on  one  side  appears  to  have  almost  its  nor- 
mal relation  to  the  vertebral  column.  Considering 
that  these  elements,  as  also  the  vertebral  centra  and 
arches,  and  the  ribs,  show  little  evidence  of  disturb- 
ance, it  is  fair  to  assume  that  the  vertebra  above  the 
ilium  was  either  next  the  point  of  attachment  of  the 
pubis  or  close  to  it.  The  ribs  in  this  region  are  still 
of  considerable  length,  and  if  the  point  of  attach- 
ment is  not  located  at  this  place  it  is  probably  some- 
what farther  back. 

The  number  of  presacral  vertebrae  present  here 
exceeds  considerably  that  of  any  other  ichthyosau- 
rian  of  which  the  writer  has  any  information.  In 
the  typical  Ichthyosaurus  the  number  is  ordinarily 
near  45.  The  extraordinarily  large  number  of  54 
presacrals  is  indicated  recently  by  Broili"'4  in  /.  ]>/<>- 
tydaeti/lus.  In  Mixosaurus  the  number  seems  to  have 
been  between  45  and  50.  The  number  in  C.  {H'trimix 
is  also  larger  than  that  in  any  other  marine  saTirians 
excepting  very  long-necked  forms,  and  suggests  the 
possibility  that  the  number  of  presacrals  may  have 
been  reduced  rather  than  increased  in  the  later  Ich- 
thyosauria.  A  general  reduction  of  the  number  in 
later  forms  might  be  correlated  with  the  development 
of  a  highly  specialized  caudal  fin,  causing  localiza- 
tion of  the  locomotor  function  in  the  distal  caudal 
region,  instead  of  distributing  it  through  nearly  the 
whole  length  of  the  tail. 

In  specimen  9950  there  are  eleven  vertebrae  in 
front  of  the  anterior  border  of  the  coracoid  and 
scapula.  Although  no  definite  determination  of  the 

si  Broili,  P.,  Palaeontog.,  Bd.  54,  Taf .  13. 
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posterior  limit  of  the  cervical  region  can  lie  made,  eleven  vertebrae  is  a  rela- 
tively large  number  for  this  portion  of  the  column. 

The  atlas  and  axis  are  clearly  shown  in  position  in  several  specimens.  (See 
pi.  8,  also  text-figure,  58.)  The  centrum  of  the  atlas  is  as  wide,  and  in  some 
cases  almost  as  high,  as  that  of  the  axis.  Its  auleroposterior  diameter  is  con- 
siderably less  than  that  of  the  axis.  The  anterior  face  is  strongly  convex,  the 
convexity  reducing  the  lateral  and  inferior  borders  to  one-half  or  one-third  the 
anteroposterior  diameter  of  the  centrum.  The  anterior  face  shows  no  depres- 
sion into  which  the  basioccipital  might  be  received.  The  anterior  face  of  the 
atlas  is  received  in  a  deeply  excavated  articular  face  on  the  basi occipital.  The 
posterior  face  of  the  atlantar  centrum  and  the  anterior  face  of  the  axis  are 
both  concave,  and  there  is  no  suggestion  of  fusion  of  the  t\vo  centra  such  as 
occurs  in  the  later  ichtliyosaurs.  The  elements  of  the  upper  arch  of  the  atlas 
as  far  as  known  are  not  materially  different  from  those  on  the  atlas  of  Ichthy- 
osaurus. 

The  adjacent  inferior  borders  of  the  atlas  and  axis  may  be  obliquely  trun- 
cated toward  the  plane  of  contact,  for  the  intercalation  of  an  intercentrum. 
There  seems  also  to  have  been  a  small  intercentrum  between  the  third  centrum 
and  the  axis,  but  none  was  present  behind  the  third. 

On  the  axis  of  no.  9950  there  is  a  short  diapophysis  but  no  distinct  parapo- 
physis.  In  no.  9943  (fig.  58,  p.  48)  both  diapophysis  and  parapophysis  are  pres- 
ent. On  centra  three  and  four  of  no.  9154  parapophyses  of  considerable  size  are 
present  and  small,  nearly  round  articular  facets  are  developed  for  the  lower 
rib  heads.  On  centrum  six  the  parapophysis  is  very  rudimentary,  and  on  what 
appears  to  be  the  seventh  it  is  absent.  In  no.  9950  the  diapophysis  on  the 
fourth  centrum  is  43  mm.  high,  the  parapophysis  17  mm.  On  the  eighth  cen- 
trum the  corresponding  dimensions  are  45  mm.  and  8  mm.,  and  the  parapo- 
physis is  generally  much  reduced.  On  the  eleventh  centrum  there  may  be  a 
minute  rudiment  of  a  parapophysis  on  the  anterior  margin.  In  specimen  9943 
relatively  large  parapophyses  are  present  back  to  the  twelfth  centrum  (fig.  58, 
p.  48).  On  the  thirteenth  there  is  a  trace  of  a  parapophysis  on  one  side  only. 
In  this  specimen  the  parapophyses  increase  somewhat  in  size  toward  the  dor- 
sal region,  and  are  larger  both  absolutely  and  relatively  on  the  twelfth  com- 
pared with  the  size  of  the  diapophyses  than  they  are  on  the  fifth  and  sixth  centra. 
The  form  and  dimensions  of  the  diapophyses  remain  about  the  same,  back  to 
the  twelfth  centrum.  On  the  thirteenth  they  increase  markedly  in  height,  but 
the  increase  is  not  sufficient  to  make  the  height  of  the  diapophysis  on  the  thir- 
teenth centrum  equal  the  complete  height  of  the  diapophysis  and  parapophy- 
sis on  the  centra  immediately  preceding.  The  anterior  cervical  rib  heads  are 
divided  proximally  by  a  deep  notch  forming  two  distinct  heads. 

In  those  cervicals  in  which  the  ends  of  the  centra  are  visible  the  degree  of 
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concavity  is  less  than  in  the  typical  Ichthyosaurus.  The  excavation  is  compara- 
tively slight  until  about  half  the  distance  to  the  center  is  reached  where  it  runs 
in  quite  sharply. 

The  vertical  transverse  cross-section  of  the  cervical  centra  is  much  as  in  other 
ichthyosaurians,  the  transverse  diameter  being  relatively  large.  In  specimen 
9943  the  inferior  side  of  the  cervicals  is  distinctly  carinate  back  to  about  the 
tenth  vertebra. 

In  the  dorsal  region  of  specimen  9154,  as  also  in  9950  (pi.  8),  and  others, 
the  diapophyses  are  seen  to  elongate  gradually  as  the  centra  come  to  be  farther 
removed  from  the  skull.  In  the  middle  dorsal  region  the  lower  portion  of  the 
diapophysis  bends  forward  rather  sharply  from  the  nearly  vertical  upper 


130 


131 


Figs.  129-131.     Cymbospondylus  petrinus  Leidy.     Vertebrae  from   the  middle  and   posterior   dorsal 

regions,  X  %. 

Fig.  129,  middle  dorsal  vertebra;   fig.  130,  posterior   dorsal   vertebra;    fig.    131,   posterior   dorsal 
vertebra. 


portion.  In  the  typical  vertebrae  of  Cymbospondylus  petrinus,  the  diapo- 
physes differ  from  the  ordinary  form  seen  in  Shastasaurus  in  that  the  antero- 
inf erior  border  always  seems  to  reach  the  anterior  border  of  the  centrum  and 
be  cut  off  by  it  (figs.  129  and  130)  ;  indicating  that  the  lower  portion  of  the  rib 
head  has  come  very  near  to  intervertebral  articulation,  though  there  is  no  facet 
developed  on  the  posterior  border  of  the  centrum  in  front. 

At  about  the  36th  to  38th  centrum  in  no.  9950  the  diapophyses  move  down 
the  side  of  the  centrum,  and  the  articular  faces  are  no  longer  confluent  with 
the  facets  for  the  neural  arches.  The  form  of  the  centrum  also  changes  from 
nearly  circular  in  the  anterior  dorsal  region  to  a  high,  narrow,  triangular  form 
in  the  posterior  dorsal  and  anterior  caudal  region  (pi.  9,  and  text-fig.  131).  In 
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this  portion  of  the  column  the  bicon- 
cavity  of  the  contra  is  reduced  to  a  vein- 
small  area  in  the  middle  of  each  artic- 
ular face,  outside  of  which  the  surface  is 
nearly  plane. 

In  the  middle  caudal  region  the  dia- 
pophyses  air  short  and  round,  and  have 
risen  almost  to  the  middle  of  the  sides 
of  the  centra.  The  vertical  transverse 
cross-section  of  the  centra  has  also 
changed  to  a  narrow  hexagonal  form. 

The  upper  arches  of  the  cervicals 
possess  strong  zygapophyses  (pi.  8),  on 
which  the  lateral  faces  are  well  sepa- 
rated and  do  not  fall  into  the  same  plane, 
as  occurs  in  IchtJtt/owiurus.  In  the 
dorsal  region  the  zygapophyses  are  still 
well  developed  and  the  facets  separate. 
In  the  caudal  region  the  zygapophysial 
facets  are  much  reduced,  although  the 
anterior  and  posterior  projections  of 
the  upper  arches  are  retained  on  most 
of  the  vertebrae. 

The  neural  spines  of  the  cervicals 
are  somewhat  compressed  laterally,  but 
are  generally  thicker  than  in  Ichthyo- 
Miiirnf!.  In  the  dorsal  region  the  spines 
are  still  considerably  thickened.  In  no 
case,  however,  does  the  thickening  of  the 
spines  approach  that  of  Shastasaurus 
(ilti^j)iinis.  In  the  caudal  region  of 
specimen  9950  the  neural  arches  are  con- 
siderably lower  and  thinner  than  in  the 
dorsal  region. 

The  form,  and  most  of  the  import- 
ant characters,  of  the  caudal  region  are 
well  shown  in  a  large  specimen  of  C. 
ixii-huift  (no.  9947),  in  which  there  is 
present  an  excellent  series  of  59  verte- 
brae, aggregating  twelve  and  one-half 
feet  in  length  (fig.  132).  The  series  be- 
gins near  the  pelvic  region  and  extends 
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back  to  within  a  few  feet  of  the  end  of  the  tail.  Immediately  in  front  of  this 
series  of  centra  are  broad-headed  ribs  with  a  length  of  300  mm.  or  more,  while 
the  ribs  with  the  centra  opposite  the  pelvis  are  suddenly  shortened  to  120  mm. 
in  length,  and  the  rib  heads  are  narrowed  to  a  broad  elliptical  cross-section. 
The  vertebrae  immediately  behind  the  pelvis  of  this  specimen  correspond  in 
form,  and  particularly  in  form  and  size  of  the  diapophyses  and  in  their  posi- 
tion on  the  side  of  the  centrum,  to  a  point  in  the  column  not  farther  forward 
than  the  seventy-first  vertebra  behind  the  head,  or  the  sixth  behind  the  pelvis, 
of  the  practically  continuous  series  of  specimen  9950.  (See  fig.  128). 

In  the  vertebrae  immediately  behind  the  pelvis  the  width  of  the  centra 
transversely  is  somewhat  less  than  the  height,  and  the  diapophyses  are  situ- 
ated about  one-third  of  the  distance  up  the  sides  of  the  centra.  The  height 
of  the  neural  arches  is  less  than  that  of  the  centra,  and  the  thin,  broad  spines 
are  bent  backward. 

In  passing  backward  through  the  caudal  region  from  the  pelvis  to  the  thir- 
tieth vertebra  back  of  the  femur,  as  here  situated,  the  centra  decrease  very 
little  in  height  but  become  much  narrower  transversely,  and  in  the  region  of 
the  thirtieth  vertebra  become  relatively  short  inf eriorly ;  the  diapophyses  rise 
to  the  middle  of  the  centra,  become  reduced  to  small  round  knobs  and  disap- 
pear; the  neural  spines  become  shorter,  are  slightly  wider  distally,  and  begin 
to  stand  erect.  The  change  from  the  recurved  to  erect  position  of  the  arches 
takes  place  at  the  thirtieth  vertebra.  The  upper  arch  of  the  twenty-eighth 
vertebra  turns  backward  as  do  those  of  all  anterior  to  it,  on  the  thirtieth  the 
arch  is  erect  and  on  the  thirty-first  it  bends  forward.  Behind  this  point  to  the 
fifty-third  vertebra  the  short  upper  arches  all  turn  forward.  The  arches  of 
the  fifty-third  and  fifty-fourth,  the  last  ones  present  in  this  specimen,  are  erect 
but  not  curved  forward.  In  the  region  immediately  behind  the  point  where 
the  upper  arches  begin  to  turn  forward,  the  centra  are  slightly  wedge-shaped, 
being  shorter  anteroposteriorly  at  the  lower  side.  Though  the  diapophyses  of 
the  thirtieth  vertebra  are  rather  prominent  no  lateral  apophyses  are  present 
behind  this  point.  A  short  distance  back  of  the  bend  the  middle  of  the  lateral 
face  of  each  centrum  bears  two  parallel  anteroposterior  ridges  about  twenty 
millimeters  apart  and  separated  by  a  shallow  depression. 

The  changes  in  form  of  the  caudal  vertebrae  which  have  been  mentioned 
seem,  as  far  as  can  be  judged,  to  be  connected  with  fairly  definite  changes  in 
the  curvature  of  the  caudal  region  as  shown  in  this  specimen.  As  the  series 
of  vertebrae  lies  in  the  matrix  the  tail  is  bent  slightly  upward  as  far  back  as 
the  thirtieth  vertebra  but  from  that  point  backward  it  is  curved  downward. 
At  the  point  where  the  downward  curvature  begins  the  upper  arches  suddenly 
stand  erect  and  then  turn  sharply  forward,  the  diapophyses  disappear,  and  the 
anteroposterior  diameter  of  the  inferior  side  of  the  centra  becomes  relatively 
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short.  The  upward  curvature  of  the  tail  as  it  lies  in  this  specimen  may  be 
unnatural,  and  due  simply  to  movement  of  the  body  after  death.  The  down- 
ward curve  of  the  distal  region,  being  initiated  as  it  is  with  noticeable  modifi- 
cation in  the  form  of  the  vertebrae,  is  evidently  natural.  Possibly  the  upward 
curve  anterior  to  this  is  also  natural,  the  distinct  change  in  the  vertebrae  occur- 
ring at  the  crest  of  a  long,  upward  curve  as  in  MLroxd/trux;  or  the  distal  region 
may  have  bent  down  from  a  nearly  horizontal  anterior  region. 

Facets  for  lower  arches  are  present  on  the  caudal  centra  in  no.  9947,  and 
the  inferior  side  of  the  centrum  is  in  all  cases  sharply  angular,  but  chevrons 
have  been  seen  only  in  the  region  back  of  the  downward  bend  of  the  tail, 
where  they  are  very  small,  though  the  facets  for  their  reception  seem  to  be 
larger  than  in  the  anterior  portion  of  the  tail. 

The  nature  of  the  curvature  in  the  caudal  region  of  this  specimen  is  in  some 
respects  not  unlike  that  of  Ichthyosaurus,  as  the  upper  arches  are  in  relation 
to  the  centra  but  little  larger  than  in  that  genus.  The  centra  themselves  are, 
however,  much  larger  in  the  region  of  the  bend,  and  beyond,  than  in  any  of  the 
later  ichthyosaurs,  and  the  high  thin  centra  doubtless  served  to  broaden  the 
fin  somewhat  as  the  high  arches  have  done  in  Mixosaurus.  The  fact  that  the 
centra  were  higher  suggests  that  less  curvature  of  the  distal  caudal  region  was 
needed  in  order  to  widen  the  fin  than  was  required  in  Ichthyosaurus,  and  that 
the  bend  was  a  gentle  upward  curve  followed  by  a  somewhat  sharper  down- 
ward flexure,  as  in  Mixosaurus. 

Following  are  the  measurements  of  the  series  of  caudal  vertebrae  in  spec- 
imen 9947. 


Approximate 
position  of 
vertebrae, 
measured 


Presence  of     Height  of 


back  from     diapophy8eg.      centrum, 
femur  as 
situated  in 
the  matrix. 


Anteroposterior 

diameter  of 

centrum. 


Transverse 

diameter  of 

centrum. 


Height  and 
curvature  of 
neural  spine. 


Length  of 
chevron. 


41  absent 

48  absent 

53  absent 

a,  approximate. 


137mm 

51 

112« 

128 

49 

115a 

back  slightly,  86 

114 

48 

80 

back  slightly,  61 

110 

f  50  superior    ) 
l44  inferior     J 

erect,  57 

114 

{48  superior    | 
45  inferior     j 

74.5 

forward,  50 

40« 

119 

46 

68 

forward,  55 

43« 

106 

44 

57a 

forward,  43 

40 

98 

43 

50« 

vertical,  39 

35 
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Ribs. — Excepting  on  the  anterior  six  to  twelve  vertebrae,  the  ribs  of  C.  pe- 
trinus  are  all  single  headed  (pi.  10).  The  short  double-headed  ribs  have  clearly 
notched  heads,  and  articulate  on  distinctly  separated  diapophyses  and  parapo- 
physes.  As  in  Shastasaurus,  in  passing  back  through  the  vertebral  series,  the 
lateral  apophyses  of  the  vertebral  centra  remain  widely  separated  to  the  point 
of  disappearance  of  the  parapophysis.  If,  as  has  been  suggested  by  Yakowlew, 
the  bicipital  articulation  was  being  developed  in  these  forms  through  division 
of  the  rib  head  and  of  the  vertebral  apophysis  with  which  it  was  in  articulation, 
one  would  expect  in  passing  forward  to  the  region  where  separate  apophyses 
actually  exist  to  find  the  parapophyses  gradually  separating  from  the  diapo- 
physes. The  fact  that  this  is  not  the  case  may  justly  be  urged  against  the  view 
that  the  primitive  ichthyosaurian  possessed  single-headed  ribs.  If  a  double 
articulation  has  been  introduced  in  the  American  forms  it  must  have  appeared 
through  the  development  of  a  parapophysis  sitiiated  a  considerable  distance 
away  from  the  diapophysis.  If  the  double  articulation  extended  from  the 
cervical  region  oiit  to  the  dorsals,  the  progress  was  most  probably  throiigh  the 
formation  along  the  line  of  advance  of  rudimentary  apophyses  with  no  func- 
tion of  articulation.  As  yet  no  reason  has  been  given  why  independent  pro- 
cesses should  grow  out  from  the  region  of  the  paropophysis  and  the  lower  head 
to  meet  and  form  an  inferior  articulation.  In  addition  to  the  arguments  that 
have  been  presented,  it  is  to  be  remembered  that  some  of  the  oldest  known 
ichthyosaurian  forms,  viz.,  members  of  the  M.(?)  ataviis  group,  have  distinct 
double  articulations  in  the  posterior  dorsal  region. 

The  ribs  of  the  dorsal  region  of  Cymbospondylus  petrinus  are  rather  heavy, 
but  have  in  general  the  form  seen  in  Ichthyosaurus.  The  heads  are  thick  in- 
feriorly,  and  the  superior  portion  of  the  articular  face  curves  away  from  the 
upper  part  of  the  diapophysis,  evidently  leaving  a  gap  filled  by  cartilage  as 
in  Shastasaurus.  The  posterior  dorsal  ribs  have  remarkably  wide  heads,  but 
nowhere  has  there  been  observed  a  tendency  for  the  articulating  surface  to 
divide  into  two  faces,  as  has  been  suggested  in  the  case  of  Mixosaurus. 

In  specimen  9950  short  caudal  ribs  are  present  with  the  anterior  caudal  ver- 
tebrae. As  shown  in  plate  10,  figure  7,  they  have  nearly  round  articular  heads, 
but  are  considerably  broadened  distally. 

Abdominal  ribs  are  found  in  considerable  numbers  with  most  of  the  larger 
specimens,  but  are  usually  too  much  scattered  about  to  show  definitely  their 
relations  to  each  other.  With  specimen  9154  there  is  preserved  a  consider- 
able section  of  the  abdominal  plastron  in  which  the  elements  have  suffered  no 
disturbance  (pi.  10,  fig.  8).  As  nearly  as  can  be  determined  there  are  usually 
two  transverse  series  of  abdominal  ribs  for  every  pair  of  true  ribs.  Each 
transverse  series  consists  of  a  V-shaped  median  piece  and  two  lateral  pieces. 
The  median  elements  are  heavy,  and  are  only  slightly  flattened  anteropost- 
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eriorly.  They  are  not  divided  along  the  median  line,  as  in  some  ichthyosaurs. 
The  anterior  end  or  the  point  of  the  V  of  each  median  piece  extends  forward  on 
the  median  line  as  an  overlapping  knob-like  process.  Between  the  lateral  ends 
of  the  median  pieces  are  inserted  the  ends  of  the  heavy  discrete  lateral  pieces. 

The  plastron  presents  as  a  whole  an  appearance  of  somewhat  greater 
strength  and  robustness  than  that  of  the  later  ichthyosaurs. 

Pectoral  Arch.  —  The  entire  pectoral  arch  is  well  known  excepting  the  inter- 
clavicle,  which  has  never  been  recognized  (pi.  11). 

The  xc<(/>i(l<t  is  not  like  that  of  any  other  ichthyosanr.  The  body  of  this 
element  is  strongly  recurved  so  that  the  much  expanded  distal  end  is  turned 
almost  at  a  right  angle  to  the  proximal  portion.  The  anterior  part  is  also 
much  broadened  just  in  front  of  the  proximal  end.  The  form  of  this  element 
is  quite  unlike  that  in  any  other  Triassic  genus.  It  approaches  most  closely 
the  general  form  in  Ichtli  yosatirtiN,  particularly  in  the  character  of  the  ante- 
rior expansion,  which  occupies  the  position  of  the  anterior  hook  in  Shasta- 
NftHrH*.  It  differs  from  the  type  seen  in  Ichthyosaurus  in  its  much  greater 
proximal  and  distal  expansion. 

The  form  of  the  sickle-shaped  coracoid  does  not 
correspond  to  that  in  any  other  ichthyosaurian  genus. 
The  nearest  approach  is  found  in  Delphinosaurus  of 
the  Calif  ornian  Upper  Trias.  In  Delphinoswrus 
the  position  seems  to  be  reversed  anteroposteriorly, 
and  the  large  perforation  just  anterior  to  the  proxi- 
mal articulation  is  absent.  Perforations  and  emargi- 
nations  in  this  region  of  the  coracoid  are  ordinarily 
not  remarkably  persistent  features.  This  character 
has  however  been  recognized  in  all  specimens  of  C. 
Itch-inns  thus  far  examined,  and  together  with  other 
differences  would  seem  to  distinguish  this  form  suf- 

ticielltlv 

The  clavicle  is  uncommonly  large  and  heavy.    The 

middle  portion  is  considerably  expanded,  but  the  ends  are  narrow.  .  The  median 
end  seems  to  show  a  face  of  articulation  for  an  interclavicle,  but  that  element 

is  unknown. 

Pectoral  Limb.  —As  yet  we  know  certainly  only  the  first  three  segments  of 
the  pectoral  limb  in  C.  petrinus,  no  specimen  having  been  found  in  which  the 
phalanges  are  in  place  or  even  certainly  recognizable.  Owing  to  early  decom- 
position of  the  thinner  portions  of  the  paddles  they  have  probably  been  scat- 
tered before  the  slow  accumulation  of  calcareous  mud  could  cover  them.  In  all 
of  the  Cymlospondylus  specimens  that  have  been  examined  the  limb  elements 
are  almost  exactly  similar  to  the  limb  of  specimen  9154  previously  described 
(Merriam,  1905,  2). 


anterior  perforation, 
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The  hum  ems  is  in  all  cases  a  relatively  slender  element;  though  not  greatly 
elongated,  it  is  not  greatly  expanded  distally.  The  radius  is  extraordinarily 
long  and  slender  for  an  ichthyosaurian,  and  the  median  constriction  is  pro- 
nounced. Between  the  epipodial  elements  is  a  gap  as  wide  as  that  in  the  limb 
of  any  typical  shore  reptile.  The  ulna  is  also  relatively  long  and  shows  a  me- 
dian constriction.  The  posterior  portion  of  this  element  begins,  however,  to 
show  the  expansion  so  frequently  occurring  in  aquatic  types,  and  the  posterior 
notch  has  been  almost  closed. 

In  specimen  9950  (pi.  11),  as  in  several  others,  a  transverse  row  of  three 
small  discoidal  elements  is  seen  next  the  distal  end  of  the  epipodial  segment. 
These  bones  are  almost  circular  in  form,  and  they  do  not  occupy  the  entire 
transverse  space  opposite  the  epipodials,  so  that  they  were  evidently  implanted 
in  a  heavy  cartilaginous  plate.  In  specimen  9148  a  similar  row  of  bones  is 
seen.  Prom  their  occurrence  in  this  position  there  can  be  little  doubt  that  these 
elements  are  carpals. 

Pelvic  Arch.— The  elements  of  the  pelvic  arch  (pi.  12,  figs.  1-4)  have  been 
found  in  nearly  their  natural  position  in  several  specimens.  The  broad  plate- 
like  ventral  elements  were  evidently  united  along  the  median  line  somewhat  as 
in  Toretocnemus  (fig.  69,  p.  55). 

The  ischium  has  much  the  same  form  as  in 
Delphinosaurus  perrini  but  may  in  some  cases 
(pi.  12)  show  a  shallow  antero-internal  notch 
giving  it  a  form  approaching  that  of  the  pubis 
of  Delphinosatirus.  Excepting  the  notch  just 
mentioned  the  form  is  also  not  unlike  that  of  the 
ischium  in  Mixosaurus. 

The  pubis  resembles  this  element  in  Toretoc- 
nemus in  that  the  proximal  end  is  perforated  by 
a  large  obturator  foramen.     In  the  only  speci- 
mens which  are  perfectly  preserved  this  opening- 
Fig.  134.  Cymbospondylus  petrinus  Leidy.    js  completely  closed  by   bone.     The   transition 

Ischium,  specimen  9!  '\.  ^^    ^    ^    to    ^     ^     ^     &,„#„„„,„.„„ 

would  be  made  easily  by  breaking  down  the  bar  of  bone  between  the  obturator 
foramen  and  the  margin. 

The  ilium  has  a  considerably  expanded  proximal  head  with  an  elongated 
and  transversely  expanded  superior  blade.  The  form  resembles  that  of  Del- 
jiliii/o.murus,  though  distinguished  from  it  by  the  wider  expansion  of  the  blade 
and  the  absence  of  a  posterior  tubercle.  Judging  from  its  position  in  specimen 
9950,  the  superior  blade  of  the  ilium  was  directed  upward  and  forward  to  its 
sacral  attachment. 

Pelvic  Limb. — The  posterior  limb  is  represented  by  the  femur  in  the  most 
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nearly  complete  specimen,  no.  9950.  In  specimen  9947  (pi.  12)  a  pelvic  limb  is 
present  in  whi.-h  the  femur  has  the  same  form  and  almost  the  same  dimensions 
as  in  no.  9950. 

The  hind  limb  of  no.  9947  shows  the  propodial  and  epipodial  elements  in 
their  natural  positions  in  the  matrix,  and  with  them  are  two  small  elements 
from  the  distal  half  of  the  paddle. 

The  /'nit <ir. is  more  slender  than  that  of  Delj>lih/ox<iiir/<x.  Ton'tociinmiH,  or 
The  nearest  approximation  to  this  type  is  found  in  Mi.roxminix, 
but  even  here  the  distal  expansion  is  relatively  greater. 

On  the  upper  side  of  the  femur  the  plane  of  the  flattened  distal  end  is 
continued  over  the  proximal  end  with  but  little  elevation.  On  the  lower  side 
of  the  proximal  end  a  heavy  trochanteric  ridge  is  developed. 

The  distal  end  of  the  femur  shows  a  broad  terminal  facet  extending  across 
nearly  its  whole*  width,  and  situated  normal  to  the  long  axis  of  the  bone.  On 
this  large  facet  the  tibia  articulates,  standing  in  such  a  position  that  its  long 
axis  falls  into  a  line  almost  coinciding  with  the  long  axis  of  the  femur.  Behind 
the  broad  terminal  face  of  the  femur  there  is  a  smaller  facet  standing  almost 
normal  to  the  plane  of  the  terminal  facet. 

The  tibia  is  longer  than  its  greatest  transverse  diameter,  and  its  proximal 
diameter  is  considerably  greater  than  the  distal.  The  median  region  is  strongly 
constricted.  The  anterior  side  of  the  distal  end  is  not  expanded  laterally  be- 
yond the.  limits  of  the  median  or  shaft  portion  of  the  bone,  but  ends  abruptly 
in  a  flat,  roughened  or  pitted  facet.  Whether  a  small  element  has  articulated 
on  this  face  is  as  yet  not  certainly  known. 

The  fibula  articulates  on  the  small  posterior  face  of  the  femur,  the  situation 
of  the  bone  being  such  that  it  is  articulating  largely  against  the  posterior  side 
of  the  femur  with  its  narrower  end.  The  median  portion  of  the  fibula  is  con- 
stricted. The  distal  end  of  the  bone  is  greatly  broadened  compared  with  the 
transverse  extent  of  the  proximal  and  median  portions,  and  shows  a  strongly 
curved  terminal  margin. 

Of  the  other  two  elements  present  with  the  limb  in  specimen  9947,  one  is  a 
small  discoidal  bone  situated  between  the  distal  ends  of  the  tibia  and  fibula,  and 
presumably  representing  a  mesopodial.  The  other  bone  is  larger  and  is  situated 
near  the  distal  end  of  the  fibula,  but  its  form  is  too  indefinite  for  determination. 

The  size  and  relative  length  of  the  epipodial  elements  of  the  posterior  limb 
of  specimen  9947  are  much  the  same  as  in  the  elements  of  the  corresponding  re- 
gion of  the  anterior  limb  of  specimen  9950.  Both  epipodials  show,  however,  a 
somewhat  stronger  median  constriction  than  is  seen  in  the  anterior  epipodials. 

The  most  peculiar  feature  of  the  posterior  limb  is  the  situation  of  the  tibia 
almost  opposite  the  middle  of  the  distal  end  of  the  femur,  with  the  fibula 
located  far  back,  and  practically  articulating  on  the  posterior  side  of  the  femur. 
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Compared  with  the  posterior  limb  of  Mixosaurus,  the  available  specimens 
representing  the  limb  of  Cymbospondylm  may  be  considered,  so  far  as  known, 
to  represent  nearly  the  same  stage  of  evolution  as  the  hind  limb  of  Mixosaurufi. 

MEASUREMENTS  OP  LIMB  AND  ARCH  ELEMENTS,  SPECIMEN  9950. 

Humerus. 

Greatest  length   325  nun. 

Greatest  transverse  diameter  of  distal  end 200 

Least  transverse  diameter  of  median  region  of  shaft  133 

Radius. 

Greatest  length   200 

Greatest  transverse  diameter  of  proximal  end 14:i 

Greatest  transverse  diameter  of  distal  end 160 

Least  transverse  diameter  of  median  region  of  shaft 83 

Ulna. 

Greatest  length   185 

Greatest  transverse  diameter  of  proximal  end 121 

Least  transverse  diameter  of  median  region  of  shaft  95 

Coracoid. 

Greatest  anteroposterior  diameter  312 

Greatest  transverse  diameter 246 

Scapula. 

Greatest  anteroposterior  diameter  357 

Greatest  width  of  distal  end  of  posterior  blade 195 

Ilium. 

Greatest  length 205 

Ischinm. 

Greatest  anteroposterior  diameter  200 

Greatest  transverse  diameter 1 75 

Pubis. 

Greatest  transverse  diameter,  approximately 126 

MEASUREMENTS  OP  POSTERIOR  ARCH  AND  LIMB  ELEMENTS  OF  SPECIMEN  9947. 

Femur. 

Greatest  length 255  mm. 

Transverse  diameter  of  proximal  end,  parallel  with  flattened  distal 

surface  117 

Transverse  diameter  of  distal  end.  parallel  with  flattened  surface 170 

Transverse  diameter  at  narrowest  portion  of  median  region,  parallel 

with  flattened  distal  surface 83 

Transverse  diameter  of  tibial  facet ..  152 
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Tibia. 

Greatest,  length  1(1()  „„„ 

Transverse  diameter  of  proximal  end  14;; 

Transverse  diameter  of  median  region 64 

Transverse  diameter  of  distal  end ]0;$ 

Fibula. 

( I  reatest  length  1  -)- 

Transverse  diameter  of  proximal  end  82 

Transverse  diameter  of  median  region 78 

Transverse  diameter  of  distal  end 132 

Mesopodial  ( ?). 

Anteroposterior  diameter 46 

Transverse  diameter  42 


CYMBOSPONDYLUS  PISCOSUS  Leidy. 

('ifnt/>«xi>i>iidylus  piscosim  Leidy,  Proc.  Philacl.  Acad.  Sc.,  1868,  vol.  20,  p.  178. 
Cymbospondylus  piscosus  (Merriam),  Univ.  Calif.  Publ.,  vol.  3,  p.  104. 


Anterior  and  posterior  faces  of  dor- 
sal vertebral  centra  deeply  and  regu- 
larly concave  from  the  periphery  to  the 
center  of  the  face.  Length  of  dorsal 
vertebral  centra  equaling  more  than 
half  of  the  height. 

Known  only  from  a  single  specimen 
found  in  the  Middle  Triassic  near  New 
Pass,  about  thirty  miles  west  of  Austin, 
Nevada. 

This  species  is  known  only  from  a 
single  specimen  consisting  of  one  nearly 
complete  dorsal  vertebra  with  parts  of 
four  others.  No  similar  material  has 
been  observed  in  the  collections  from 
the  West  Humboldt  Range,  and  a  care- 
ful examination  of  the  type  locality  has 
not  resulted  in  the  discovery  of  other 
specimens. 


135 
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Fig.  135.  Cymbospondylus  pctrinus  Leidy  Antero- 
posterior section  of  a  middle  or  anterior  dorsal 
vertebra,  X  %. 

Fig.  136.  Cymbospondyl-us  piscosus  Leidy.  Antero- 
posterior section  of  an  anterior  or  middle  dorsal 
vertebra,  X  %. 
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The  characters  of  C.  piscosus  differ  from  those  of  C.  petrinus  and  C.  nevad- 
sufficiently  to  warrant  specific  separation.    As  far  as  this  form  is  known, 

there  seems  to  be  no  reason  for  making 
a  generic  separation  between  it  and  the 
better  known  C.  petrinus. 

The  vertebrae  which  are  present  in 
the  type  specimen  (fig.  137)  represent 
an  individual  smaller  than  the  aver- 
age of  C.  petrinus  or  of  C.  nevadanus. 
They  belong  in  the  anterior  or  middle 
dorsal  region,  as  the  parapophyses 
have  disappeared  and  the  diapo- 
physes  are  elongated  inferiorly.  The 
upper  arches  are  thicker  than  in  Icli- 
thyosaurus,  and  the  zygapophyses  are 
large. 


Fig.  137.     Cymbospondylus  piscositu   Leidy. 
view  of  type  specimen,  X  1X>- 


CYMBOSPONDYLUS  NEVADANUS,  n.  sp. 

Represented  only  by  individuals  of  larger  size  than  the  average  of  known 
specimens  of  C.  petrinus.  Epipodials  (  ?)  of  posterior  limb  much  shorter  and 
more  massive  than  in  C.  petrinus.  Tibia  (  ?)  very  short  and  thick ;  distal  end 
not  narrower  than  proximal  end,  and  without  the  flat  anterior  face  present  in 
C.  petrinus.  Middle  caudal  vertebrae  high  and  narrow. 

Type  specimen,  no.  10620,  Univ.  Calif.  Col.  Vert.  Palae.  (pi.  13),  from  New 
Pass,  thirty  miles  west  of  Austin,  Nevada. 

In  the  summer  of  1906  an  expedition  to  New  Pass,  Nevada,  visited  the  out- 
crops of  Triassic  limestone  in  that  region,  and  made  careful  search  for  saurian 
remains  in  the  hope  of  finding  satisfactory  material  corresponding  to  Leidy's 
( '  ijinbospondylus  piscosus.  Small  limestone  outcrops  were  found  near  the  pass, 
and  about  three  miles  west  of  the  New  Pass  mines.  They  are  so  distinctly 
set  off  from  the  areas  of  other  rocks  that  there  can  be  little  doubt  that  the 
locality  visited  is  the  one  from  which  Leidy's  specimen  of  Cymbospondylus 
piscosus  was  obtained.  Several  isolated  fragments  of  vertebrae  and  ribs  were 
obtained ;  and  one  specimen  (no.  10620)  including  a  number  of  anterior  caudal 
vertebrae,  fragments  of  ribs,  and  several  elements  of  the  posterior  limbs  was 
found  in  place  in  the  limestone.  All  of  the  saurian  material  from  the  New 
Pass  limestones  seemed  to  come  from  a  single  stratum  about  three  feet  in  thick- 
ness. No  new  material  was  found  which  can  be  referred  to  Cymbospondylus 
piscosus.  The  Triassic  limestones  at  the  New  Pass  locality  are  stated  by  Pro- 
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fessor  James  Pen-in  Smith  to  be  of  nearly  the  same  age  as  the  Middle  Triassir 
horizon  of  the  \Yest  Hmnholdt  Range."'"1 

The  best  specimen  (no.  10(>L'())  consists  of  ribs,  caudal  vertebrae,  and  the 
epipodial  limb  elements,  which  were  discovered  in  place  in  the  limestone.  Its 
characters  differ  from  those  of  typical  ('.  y>/.sny.sm-  and  j>el nun*  of  the  type  lo- 
calities, and  it  appears  to  be  necessary,  for  the  present  at  least,  to  consider  il 
as  a  distinct  species.  The  lateral  apophyses  of  the  caudal  vertebrae  present  are 
reduced  to  small  rounded  projections  situated  a  short  distance  below  the  middle 
of  the  sides  of  the  centrum.  The  vertebrae  may  IDC  considered  as  representing 
the  anterior  or  middle  portion  of  the  caudal  region.  The  centra  are  consider- 
ably higher  than  wide  and  their  anteroposterior  diameter  is  relatively  short. 
The  anterior  and  posterior  faces  are  so  deeply  concave  that  the  central  parti- 
tion is  almost  if  not  quite  broken  through.  The  concave  faces  show  a  little 
peripheral  flattening,  but  the  sharpness  of  the  concavity  in  the  middle  portion 
is  not  greatly  in  excess  of  that  near  the  marginal  area. 

An  upper  arch  associated  with  a  centrum  is  considerably  flattened  laterally, 
though  the  summit  of  the  blade  is  quite  thick.  The  thickness  is,  however, 
nearly  uniform  for  almost  the  whole  of  the  anteroposterior  diameter  of  the 
summit  of  the  dorsal  spine  or  blade.  The  summit  is  excavated  or  deeply 
pitted.  The  zygapophyses  are  much  like  those  in  the  anterior  portion  of  the 
caudal  region  of  C.  petrinus. 

MEASUREMENTS  OF  A  CAUDAL  VERTEBRA,  NO.  10620. 

J  loiirht  of  centrum  138  mm. 

Transverse  diameter  of  centrum  104 

Anteroposterior  diameter  of  centrum  53 

Height  of  an  upper  arch  85 

Anteroposterior  diameter  of  an  upper  arch 52 

Thickness  of  an  upper  arch  at  summit  18 

Accompanying  the  vertebrae  in  specimen  10620  there  are  several  ribs.  They 
are  round  in  cross-section  near  both  the  proximal  and  distal  ends.  The  shaft 
increases  in  diameter  very  considerably  at  the  rib  head,  but  does  not  show  much 
lateral  compression.  The  articular  face  appears  to  be  hollowed  out  to  a  con- 
siderable extent. 

Associated  with  the  ribs  and  vertebrae  of  no.  10620  there  are  two  bones 
(pi.  13,  figs.  4a  and  4&)  which  do  not  correspond  exactly  in  form  to  any  ele- 
ments that  have  been  seen  in  other  material  thus  far  examined.  They  are 
elongated,  with  a  long  diameter  a  little  less  than  the  height  of  the  vertebral 
centra.  The  middle  portion  is  very  slender,  with  a  nearly  round  cross-section, 
and  a  diameter  equaling  about  one-sixth  of  the  length.  Both  ends  are  much 

•"••"•  See  list  of  species,  p.  19. 
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expanded,  one  being  nearly  round  and  apparently  deeply  hollowed  terminally. 
The  other  end  is  broadened  and  is  considerably  flattened  in  a  plane  standing 
almost  at  right  angles  to  a  less  pronounced  plane  of  compression  of  the  oppo- 
site termination.  These  elements  may  represent  caudal  ribs  from  a  region 
somewhat  farther  back  in  the  series  than  the  location  of  the  more  elongated 
and  evenly  rounded  ribs  described  above.  The  less  compressed  end  of  the 
shorter  bones  corresponds  quite  closely  with  the  proximal  termination  of  the 
certainly  known  ribs  described  above,  and  is  also  somewhat  smaller  than  the 
heads  of  these  ribs.  The  flattened  and  expanded  end  may  represent  a  modi- 
fication in  the  terminal  portion  of  a  sacral  rib,  or  may  be  the  normal  form  in 
all  anterior  caudal  ribs. 

With  the  vertebrae  and  ribs  of  this  specimen  (10620)  there  are  two  ele- 
ments, one  of  which  (pi.  13,  fig.  2)  represents  either  a  propodial  or  an  anterior 
epipodial  element  of  the  posterior  limb;  the  other  (pi.  13,  fig.  3)  is  either  a 
posterior  epipodial  element  of  the  hind  limb  or  the  ischial  element  of  the 
pelvic  arch.  The  first  mentioned  bone  is  much  less  elongated  than  either  the 
femur  or  the  tibia  of  Cymbospondylus  pctrinus,  and  is  most  nearly  comparable 
with  the  tibia  of  Shastasaurus  or  Delphi  nosaurus.  As  there  is  no  trace  of  a 
proximal  trochanteric  elevation,  though  the  bone  is  perfectly  preserved,  it  may, 
presumabl}7,  be  considered  as  the  preaxial,  epipodial  element,  but  of  a  type 
quite  different  from  that  seen  in  C.  petrinus. 

The  other  bone  has  almost  the  same  axial  diameter  as  the  element  referred 

to  as  the  tibia,  but  is  considerably  thinner,  particularly 
at  the  distal  end.  This  element  is  slightly  constricted 
medially,  and  greatly  expanded  distally.  The  distal 
expansion  resembles  the  broadening  of  the  distal  end 
of  the  fibula  in  C.  petrinus.  If  this  element  is  the  fib- 
ula, the  limb  must  have  been  much  broader  than  in  C. 
pctrinus,  and  the  epipodial  region  relatively  shorter. 
In  any  case  the  limb  must  have  differed  quite  consid- 
erably from  that  of  C.  petrinus,  and  suggests  a  special- 
ization of  the  epipodial  region  approaching  that  of 
Shastasaurus. 

Another  specimen  (no.  10821)  from  New  Pass,  con- 
sisting of  an  isolated  vertebral  centrum  (fig.  138)  with 
a  portion  of  the  neural  arch  attached  to  it,  represents 
the  anterior  or  middle  dorsal  region.  The  centrum  is 
relatively  elongated  compared  with  those  of  the  same 
region  in  Shastasaurus,  but  does  not  differ  greatly  in 
this  respect  from  the  corresponding  centra  of  C.  pc- 
Irinus.  The  anterior  and  posterior  faces  are  deeply  ex- 


?.  138.  Cymbospondylitx  IK - 
I'adanus,  n.  sp.  (  ?)  Lateral 
view  of  anterior  dorsal  ver- 
tebra, X  V->. 
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cavated.  There  is  a  single  rib  articulation  which  extends  from  the  base  of  the 
ii])])or  arch  to  a  point  a  little  below  the  middle  of  the  centrum,  but  the  lower 
end  does  not  swing  forward  to  the  anterior  margin,  as  is  generally  the  case  in 
('.  ix'frinus.  This  form  can  be  only  tentatively  separated  from  G.  petrinus, 
but  with  the  differences  shown  in  the  small  amount  of  material  available  it  is 
not  considered  advisable  to  refer  it  to  that  species,  and  it  may  be  referred  to 


MKASI-KK.MKNTS.  NO.  KKil'O. 

Posterior  dorsal  rib. 

Vertical  diameter  of  rib  bead  .............................................................  60     linn. 

Anteroposterior  diameter  of  rib  head  ...  36 

Caudal  rib? 

Length    ....................................................................................................................  130 

Greatest  diameter  of  middle  of  shaft  .........................................................................     21 

Greatest  diameter  of  less  compressed  end  ..............................................................     48 

Thickness  of  the  less  compressed  end  ...........................................................................     35 

Greatest  diameter  of  more  compressed  end  ........................................................     53 

Thickness  of  the  more  compressed  end  ................................................................  :....     25 

Preaxial  epipodial  of  posterior  limb  (?). 

Axial  diameter  ....................................................................................................................................  123 

Transverse  diameter  of  proximal  end  ...........................................................................  140 

Transverse  diameter  of  median  region  ........................................................................  114 

Transverse  diameter  of  distal  end  ....................................................................................  146.5 

Greatest  thickness  of  proximal  end  .............................................................................     65 

Postaxial  epipodial  of  posterior  limb  (  ?). 

Axial  diameter  ....................................................................................................................................  135 

Transverse  diameter  of  proximal  end  ...........................................................................     95 

Transverse  diameter  of  median  region  ........................................................................     77 

Transverse  diameter  of  distal  end  .................................................................................  180 

Greatest  thickness  at  proximal  end  .................................................................................     50 

MEASUREMENTS  OF  ANTERIOR  DORSAL  VERTEBRA,  NO.  10821. 

Height  of  centrum  .......................................................................................................................................  110  mm. 

Transverse  diameter  of  centrum  .......................................................................................  ...........  110 

Anteroposterior  diameter  of  centrum  .......................................................................................     64 

TORETOCNEMUS  Merriam. 
Toretocnemus  Merriam,  Univ.  Calif.  Publ.  Geol.,  vol.  3,  p.  251,  pi.  24. 

Vertebral  centra  relatively  elongated.  Neural  arches  not  greatly  thickened, 
but  showing  distinct  lateral  ridges.  Candal  vertebrae  with  long  Y-shaped 
lower  arches.  Middle  dorsal  rib  heads  sharply  divided  into  lower  head  and 
tubercle.  Diapophyses  and  parapophyses  of  vertebral  centra  widely  separated 
in  the  middle  dorsal  region.  Posterior  limbs  equaling  the  anterior  in  size. 
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Limbs  with  three  digits  and  a  rudimentary  fourth.  Epipodial  segments  elon- 
gated and  enclosing  a  wide  space.  Radius  with  median  constriction,  ulna 
notched  only  on  the  median  border.  Proximal  row  of  mesopodial  region  in- 
cluding only  three  elements.  Carpals  and  tarsals  in  linear  series.  Phalanges 
generally  notched  on  one  or  both  sides.  Ischiurn  and  pubis  plate-like ;  pubis 
very  broad,  and  with  obturator  foramen.  Ilium  slender  and  elongated. 

The  type  specimen,  no.  8100,  was  obtained  in  the  upper  portion  of  the  Tra- 
chyceras  Beds  at  Bear  Cove,  on  the  east  side  of  Brock  Mountain,  between  Pit 
River  and  Squaw  Creek,  Shasta  County,  California.  Other  specimens  evi- 
dently to  be  referred  to  this  genus  are  known  from  the  Trachyceras  Beds. 

Toretocnennis  is  distinguished  from  all  of  the  other  American  Triassic  ich- 
thyosaurs  by  the  double  rib  articulation  of  the  middle  dorsal  region.  (See 
fig.  59,  p.  49.)  In  the  characters  of  the  limbs  it  has  much  in  common  with  the 
genus  Merriamia,  excepting  that  the  posterior  limbs  are  relatively  large.  The 
pelvis  is  more  primitive  than  that  of  any  other  Upper  Triassic  ichthyosaurian. 
(See  fig.  69,  p.  55.)  It  differs  from  the  posterior  arches  of  other  Triassic 
forms,  excepting -Cymbospondylus,  in  the  enclosing  of  the  obturator  foramen. 
The  ilium  seems  to  be  more  slender  than  in  any  other  known  form. 


TORETOCNEMUS  CALIFORNICUS  Merriam. 
Toretocnemus  californicus  Merriam,  Univ.  Calif.  Publ.  Geol.,  vol.  3,  p.  251,  pi.  24. 

The  type  specimen,  no.  8100,  Univ.  Calif.  Col.  Vert.  Palae.,  is  the  only  de- 
termined material  which  has  been  completely  exposed  for  study.  A  number 
of  other  small  specimens  from  the  same  beds  show  similar 
characters.  The  type  specimen  was  found  embedded  in  a 
thin  slab  of  shaly  limestone  which  had  been  weathered  in 
such  a  manner  as  to  destroy  a  considerable  part  of  the  skele- 
ton. The  remaining  fragments  are  not  far  removed  from 
their  natural  positions.  The  parts  present  represent  small 
fragments  of  the  head,  a  vertebral  series  extending  from  the 
middle  dorsal  region  to  the  middle  of  the  tail,  the  pelvis  nearly 
complete,  the  proximal  half  of  both  posterior  limbs,  a  part 
of  an  anterior  limb,  and  numerous  ribs. 

This  was  the  first  American  Triassic  ichthyosaur  in  which 
the  constricted  phalangeal  elements  (fig.  139)   were  discov- 
ered.   In  the  character  of  its  limbs  and  pelvis  this  is  the  most 
primitive  American  Upper  Triassic  form.     Whether  the  bi- 
Fi  Toretoc-    ms  °ip^al  rib  articulation  of  the  middle  dorsal  region  indicates 

caiifomicus  Merriam.  primitive  characters  may  perhaps  be  open  to  doubt.     It  is 
oral  size,  *R,  rWuus.  nevertheless  most  nearly  paralleled  by  the  structure  of  some 
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of  the  earliest  known  European  forms.  The  elongated  vertebral  centra  are 
evidently  of  a  more  primitive  form  than  the  shorter  centra  of  the  shastasaur- 
ian  type. 

MKUUIA.MI  \  IJoulengcr. 

L<-l>locli<in<x  .M(>rriani.  Univ.  Calif.  I'nhl.  (ieol.,  vol.  3,  p.  251.  .May,  ]!)():{.     Preoccupied 
by 


Mcn-iatnia-   Boulen^cr.    1'roc.   Zoo].   Sue.  Loncl.,  vol.  i.  p.  42.").  Auir.  2.  1!)(I4. 

Caudal  vertebrae  with  elongated  centra.  Dorsal  ribs  single-headed.  Cora- 
coid  elliptical,  without  pedunculation  or  emargination.  Scapula  with  distal 
expansion  and  short  anterior  hook.  Posterior  limbs  much  smaller  than  ante- 
rior. Limbs  with  three  digits  and  a  much  reduced  rudiment  of  a  fourth. 
Epipodial  elements  elongated  and  separated  by  a  wide  gap.  Proximal  row  of 
mesopodial  region  with  three  elements,  and  intermedium  supporting  but  a 
single  element  distally.  Phalanges  generally  notched  on  one  or  both  lateral 
margins.  Angular  element  of  mandible  relatively  small.  Dentition  undiffer- 
entiated.  tooth  crowns  conical. 

The  genus  is  distinguished  from  Torctocnemus  by  the  relatively  small  pos- 
terior limbs,  and  the  single-headed  rib  articulation  of  the  dorsal  region.  It 
differs  from  Delphinosaurus  greatly  in  the  form  of  the  known  elements  of  the 
limbs  and  of  the  pectoral  arch.  Shastasaurus  represents  a  type  of  speciali- 
zation somewhat  similar  to  that  of  Delphinosaurus  but  much  more  extreme. 
Mi-cosaurus  differs  very  considerably  in  the  whole  structure  of  the  limbs, 
arches,  and  dentition. 

This  genus  is  represented  by  a  single  species  occurring  in  the  Trachyceras 
Beds  of  the  Upper  Triassic  limestones  of  Shasta  County,  California. 

MERRIAMIA  ZITTELI   (Merriain). 

Leptocheirtu  zittcli  Merriain,  Univ.  Calif.  Publ.  Geol.,  vol.  3,  p.  253,  pis.  21,  22.  and  '2'.]. 
M(  rriamia  zitteli  (Boulenger),  Proc.  Zool.  Soc.  Lond.,  vol.  i,  p.  425.    Aug.  2,  1904. 

The  type  specimen,  no.  8099,  Univ.  Calif.  Col.  Vert.  Palae.,  was  found  in 
the  Trachyceras  Beds  of  the  Hosselkus  Limestone  at  Smith's  Cove,  between 
Squaw  Creek  and  Pit  River,  Shasta  County,  California.  It  includes  about 
one-half  of  the  skull,  the  pectoral  arch  and  limb,  a  large  part  of  a  pelvic  limb, 
with  a  number  of  vertebrae,  ribs,  and  abdominal  ribs.  In  this  form  the  tri- 
dactyl  type  of  limb  is  better  expressed  than  in  any  of  the  other  Triassic  forms 
known  (figs.  140  and  141).  A  somewhat  similar  form  of  limb  is  seen  in  some 
of  the  longipinnate  forms  of  Ichthyosaurus,  as  /.  acutirostris  Owen,  I.  plat  i/- 
oiloti  Conybeare,  and  /.  tcinn'roxtri*  Conybeare. 

With  the  pectoral  arch  of  the  type  specimen  of  this  species  the  clavicles 
were  present  in  front  of  the  coracoids.  They  are  represented  by  two  broad 
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bars  of  bone  meeting  or  possibly  overlapping  at  the  median  line.     The  ends 
directed  toward  the  scapulae  are  unfortunately  broken  away.     The  median 


140 


141 


Figs.  140  and  141.     Merriamia  eitteli  (Merriam).     Anterior  and  posterior  limbs,   X  !<•>•     Fig.   140, 
anterior  limb;  r,  radius;  fig.  141,  posterior  limb;  t,  tibia. 

ends  are  broad  and  are  concave  on  what  appears  to  be  the  posterior  side.  As 
far  as  can  be  determined  these  elements  are  much  like  the  clavicles  of  Slmx- 
tasaurus.  An  elongated  triangular  bone  situated  immediately  be- 
hind the  ends  of  the  clavicles  may  represent  the  interclavicle.  I  f 
this  element  is  represented  entire  in  this  specimen,  the  posterior 
median  arm  or  stem  is  very  little  developed,  and  is  relatively 
smaller  than  in  any  other  ichthyosaurian. 

A  caudal  vertebra  of  this  species  (fig.  142)  shows  a  consider- 
ably  elongated  form  somewhat  like  that  of  Toretocnemus.     The 
end  faces  are  deeply  concave  and  do  not  show  a  peripheral  flat- 
tebra,  x  %.     tening  of  the  face. 


Fig.  us.    Her- 


v'er- 
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DKI  ,  i  >  1 1 1  \  <  ISA  r  ars  Merriam. 

ji/rrhii  Merriam,  Univ.  Calif.  Publ.  (icol..  vol.  3,  p.  89,  pis.  5,  (i.  and  7. 
Ddphinosaurus  Mi>rriani,  Ainer.  Jour.  Sc.,  vol.  19,  p.  24.  fijr.  :i.    .Ian.,  1905. 

Vertebral  centra  relatively  much  elongated,  length  of  dorsal  centra  equal- 
ing one-half  to  three-fourths  of  their  height.  Neural  arches  of  dorsal  verte- 
brae much  compressed  laterally,  though  low  lateral  ridges  or  ribs  are  present. 
Scapula  broad  sickle-shaped,  and  without  anterior  notch  or  hook.  Coracoid 
not  pedunculate,  with  a  well-marked  anterior  notch.  Humerus  narrower  medi- 
ally than  in  Shastasaurus.  Epipodial  elements  of  anterior  limb  both  relatively 
elongated,  and  with  median  constriction.  The  genus  ranges  through  the 
greater  part  of  the  lower  or  shaly  horizon  of  the  Hosselkus  Limestone. 

In  the  first  study  of  D.  perrini,  the  type  species  of  this  genus,  the  vertebrae 
were  distinguished  from  those  of  the  other  forms  referred  to  Shastasaurus  by 
their  extraordinary  anteroposterior  diameter.  The  typical  species  was,  how- 
ever, referred  to  the  genus  Shastasaurus,  other  distinguishing  characters  not 
being  recognized  owing  to  the  fact  that  excepting  ribs  and  vertebrae  nearly 
all  of  the  parts  present  in  this  species  were  lacking  in  the  known  species  of 
Shastasaurus.  More  recent  discoveries  have  made  known  nearly  the  whole  of 
the  skeleton  of  this  form  excepting  the  distal  portions  of  the  paddles.  While 
the  skeletal  structure  obviously  represents  the  shastasaurian  group,  it  is  dis- 
tinguished from  that  of  the  typical  species  of  Shastasaurus  by  several  impor- 
tant characters  other  than  those  of  the  vertebrae.  Only  one  species,  D.  per- 
rini, is  recognized. 

DELPHINOSAUKUS  PERRINI  Merriam. 

Shastasaurus  perrini  Merriam,  Univ.  Calif.  Publ.  Geol.,  vol.  3,  p.  89. 
Delphinosaurus  perrini  Merriam,.  Amer.  Jour.  Sc.,  vol.  19,  p.  24.    Jan.,  1905. 

Type  specimen  no.  9119,  Univ.  Calif.  Col.  Vert.  Palae.  Since  the  discovery 
and  description  of  the  type  material  three  valuable  specimens  representing  this 
species  have  been  obtained.  A  considerable  number  of  more  fragmentary 
specimens  indicate  the  geologic  range  of  the  species. 

No.  10998  (pi.  7,  fig.  3),  a  small  specimen  about  two  metres  long,  represents 
a  large  part  of  the  skeleton,  extending  from  the  anterior  region  of  the  skull 
to  the  end  of  the  tail.  This  specimen  is  somewhat  smaller  than  the  type  of 
D.  perrini,  and  the  vertebral  centra  are  slightly  less  elongated  in  proportion 
to  their  height,  but  the  resemblance  to  that  species  is  in  general  very  close. 
In  this  specimen  the  vertebral  column  includes  115  centra  and  appears  to  be 
nearly  complete.  About  75  of  the  centra  are  in  the  caudal  region,  which  con- 
stitutes nearly  one-half  of  the  length  of  the  column.  The  remaining  40  verte- 
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bral  centra  reach  to  the  posterior  part  of  the  skull.  Beneath  the  skull,  weath- 
ering and  imperfect  preservation  of  the  bones  make  it  difficult  to  determine 
how  many  centra  have  been  present,  but  there  could  hardly  have  been  more 
than  ten,  and  the  number  was  probably  somewhat  less.  The  total  number  of 
vertebrae  for  the  presacral  region  including  an  estimate  of  between  five  and 
ten  for  centra  possibly  lost  beneath  the  skull  would  be  near  45,  or  about  the 
same  as  in  Ichthyosaurus.  In  the  type  specimen  there  are  35  presacrals 
present,  and  the  estimated  number  for  the  whole  presacral  region  is  also 
about  45. 

The  caudal  region  of  no.  10998  terminates  with  a  series  of  very  small  centra 
about  ten  millimeters  in  height.  It  appears  to  be  nearly  complete,  though  a 
few  more  terminal  centra  may  have  been  present  originally.  In  the  distal  half 
of  the  caudal  region,  following  a  slight  downward  curvature,  the  tail  is  bent 
upward  and  down  again  as  in  Mixosaums,  and  at  the  extreme  distal  portion 
it  is  curved  upward  again.  As  the  whole  vertebral  column  is  turned  partly 
over,  and  is  somewhat  disturbed  in  this  specimen,  it  may  perhaps  be  ques- 
tioned whether  the  curvature  seen  here  represents  the  normal  position  of  the 
vertebral  column  in  the  caudal  fin.  There  is,  however,  relatively  less  disar- 
rangement of  the  vertebral  centra  in  the  caudal  region  than  elsewhere,  and 
a  part  of  the  sinuosity  shown  may  represent  a  normal  vertical  curvature,  some- 
what resembling  that  of  Mixosaurus. 

In  the  vertebral  column  of  the -type  specimen  of  D.  pen-hit  there  are  be- 
tween 25  and  30  vertebrae  in  that  portion  of  the  caudal  region  anterior  to  the 
bend  of  the  tail.  In  specimen  10998  the  beginning  curvature  seems  to  occur 
between  the  25th  and  35th  caudals. 

Throughout  the  whole  vertebral  column  the  centra  are  extraordinarily  long 
for  ichthyosaurians.  In  a  middle  dorsal  of  the  type  specimen  the  ratio  of 
height  to  length  is  1 :84,  and  in  an  interior  caudal  1 :56. 

The  spines  of  the  upper  arches  are  not  greatly  elongated  in  any  part  of 
the  column,  but  are  in  general  considerably  compressed  laterally  (see  fig.  32« 
and  32&,  p.  34),  particularly  in  the  dorsal  and  anterior  caudal  regions.  The 
strong  lateral  compression  of  these  arches  stands  in  decided  contrast  to  the  wide 
cross-section  of  the  neural  spines  of  the  dorsal  region  in  some  forms  of  Shas- 
tasaurus.  That  the  flattened  form  of  spine  is  derived  from  an  originally 
thicker  type,  is  suggested  by  the  distinct  lateral  rib  situated  about  the  middle 
of  the  expanded  blade  of  each  arch. 

The  rib  articulation  is  evidently  similar  to  that  of  Shastasaurus.  Though 
little  is  known  of  the  most  anterior  cervical  vertebrae,  they  seem  to  have  sup- 
ported bicipital  ribs.  From  the  anterior  dorsals  back  to  the  caudals  the  ribs 
were  single-headed.  In  the  posterior  dorsal  and  anterior  caudal  regions  the 
rib  heads  are  well  preserved,  and  there  is  no  evidence  of  bifurcation  of  the 
heads,  as  has  been  suggested  for  Mixosaurus. 
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In  the  anterior  dorsal  region  the  rib  heads  articulate  mainly  upon  the  large 

diapophyses,  but  the  upper  portion  seems  to  have  been  distinctly  in  contact 
with  the  base  of  the  neural  arch.  (See  tig.  26,  p.  32.)  About  as  far  hack  as 
the  twenty-fifth  vertebra  the  bases  of  the  upper  arches  are  produced  laterally 
over  the  tops  of  the  centra  so  that  the  lateral  extremities  are  immediately  over 
the  lateral  faces  of  the  diapophyses.  The  ends  of  these  lateral  spines  of  the 
neural  arches  appear  distinctly  truncated,  and  the  lateral  faces  were  evidently 
continuous  with  the  articulating  faces  of  the  diapophyses. 

The  rib  articulation  remains  high  up  on  the  side  of  the  centrum  as  far  back 
as  the  middle  of  the  dorsal  region,  where  it  suddenly  drops  to  the  middle  of 
the  centrum. 

In  all  specimens  examined  the  lower  arches  of  the  caudals  in  this  species 
are  very  long,  while  the  right  and  left  elements  are  fused  inferiority  to  form  a 
spine  which  may  be  considerably  longer  than  the  V-shaped  portion  above.  The 
articulation  of  the  lower  arches  is  intervertebral,  and  pairs  of  distinct  facets 
are  formed  on  the  adjoining  margins  of  the  centra  with  which  the  arches  are 
in  contact. 

The  long  dorsal  ribs  of  D.  perrini  are  of  the  same  general  form  as  those  in 
SlidstdHdttrus,  but  do  not  show  as  pronounced  outward  curvature  of  the  upper 
portion  of  the  articular  face  as  in  Shastasaurus  altispinus.  In  the  dorsal  re- 
gion the  rib  shaft  is  furrowed  anteriorly  and  posteriorly  for  a  large  part  of 
its  length. 

The  pectoral  arch  was  represented  in  the  type  specimen  by  a  fragment  of 
a  coracoid.  In  specimen  9082  (pi.  14)  the  scapula, 
coracoid  and  probably  the  clavicle  are  preserved. 
The  scapula  (fig.  143)  differs  from  that  of  all  other 
ichthyosaurians  in  having  a  broadly  sickle-shaped  or 
lunate  form  without  an  anterior  hook  as  in  most  other 
Triassic  forms.  The  posterior  margin  is  much 
shorter  than  the  anterior  and  is  strongly  concave.  It 
is  separated  from  the  proximal  and  distal  margins 
by  sharp  angles.  The  anterior  margin  is  regularly 
convex,  and  curves  into  the  proximal  and  distal  mar- 
gins, from  which  it  is  not  distinctly  separated. 

The  coracoid  has  the  form  of  an  ellipse  with  a  Fig.  143. 

„.,  ,          , , .  Merriam.     Scapula,   X 

strong  emargination  at  one  end.    The  general  outline 

is  somewhat  similar  to  that  of  Ichthyosaurus  in  (/ens  Theodori. 

Large  curved  elements  which  may  represent  the  clavicles  are  present  on  the 
slab  in  specimen  9082,  and  are  in  contact  with  the  scapula.  No  interclavicle  is 
known. 

With  specimen  9082  both  anterior  Kmls  are  present  with  the  pectoral  girdle 
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(pi.  14),  but  in  both  limbs  the  phalangeal  elements  have  been  lost  or  scattered. 
The  propodial  and  epipodial  segments  are  different  from  those  of  any  other 
known  form.  The  humerus  is  considerably  narrower  medially  than  in  Shas- 
tasaurus,  and  is  much  more  abbreviated  and  of  very  different  form  from  that 
in  Merriamia  or  in  Cymbospondylus.  Excepting  Cymbospondylus,  this  is  the 
only  known  Triassic  type  in  which  both  epipodials  of  the  anterior  limb  show 
a  median  constriction.  The  ulna  and  radius  have  nearly  the  same  form.  In 
both  bones  the  median  border  is  concave,  and  the  lateral  border  is  deeply 
notched.  Both  elements  are  relatively  much  longer  than  in  Skastasaurus,  and 
approach  the  length  of  the  humerus. 


144a 


I44b 


145 


146 


Figs.  144a-146.     Delphinosaurtis  perrini  Merriam.     Elements  of  pelvis,  X  */2- 

Fig.  144a,  ilium,  posterior  view;  fig.  1446,  ilium,  median  side;  fig.  145,  ischium;  fig.  146,  pubis. 

A  proximal  and  a  distal  row  of  carpals,  including  three  elements  in  each 
row,  are  present.  The  proximal  row  is  evidently  complete,  the  same  elements 
appearing  in  both  right  and  left  limbs.  The  distal  row  may  have  included 
more  elements,  though  they  are  not  represented  in  this  specimen.  In  the  first 
row  the  radiale  shows  an  anterior  marginal  notch  as  in  the  longipinnate  ich- 
thyosaurs.  The  intermedium  is  large  and  subquadrate  in  form  in  both  right 
and  left  limbs.  The  ulnare  is  relatively  small  and  nearly  circular  in  both 
limbs.  In  the  second  row  of  carpals  the  third  element  from  the  anterior 
border  is  almost  immediately  opposite  the  ulnare,  and  shows  the  same  dimen- 
sional relations  to  carpalia  one  and  two  that  the  ulnare  shows  in  relation  to 
the  radiale  and  intermedium.  The  noticeable  reduction  of  the  posterior  ele- 
ments in  both  rows  of  the  carpus  seems  to  indicate  a  reduction  of  the  posterior 
digits  equaling  or  exceeding  that  in  the  tridigital  manus  of  the  genus  Merriamia. 

The  rounding  of  the  margins  of  the  carpal  elements  evidently  indicates  the 
presence  of  considerable  cartilage,  and  suggests  a  fairly  high  stage  of  special- 
ization. 

The  elements  of  the  pelvis  are  all  shown  in  the  type  specimen  (pi.  17,  and 
text-figs.  144  to  146).  An  ischium  and  a  pubis  of  similar  character  are  also 
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present  in  specimen  number  9086.  The  determinal  ion  of  those  bones  was  f<> 
some  extent  tentative  in  the  study  of  the  first  specimen,  but  seems  now  fully 
justified  by  what  is  known  of  the  pelvis  of  other  Triassic  ichthyosaiinans  in 
which  the  position  of  the  elements  is  definitely  determined.  The  pelvic  hones 
are  in  general  much  like  those  of  ,s7m.sY^.sw//v(x.  The  ilium  is  distinguished 
from  that  of  all  the  other  Triassic  genera  by  the  presence  of  a  tubercle  near 
the  outer  side  of  the  proximal  end.  This  tuberosity  is  indicated  on  both  of  the 
known  specimens,  and  has  not  thus  far  been  seen  in  any  other  form.  The 
ischium  is  somewhat  broader  than  in  Sinistdsnnrtin.  In  the  pubis  the  proximal 
end  is  not  as  wide  as  in  S.  ixn-ificiis,  while  the  distal  hook  is  not  as  strongly 
curved  as  in  that  form. 

The  posterior  limit  (fig.  147)  shows  much  the  same  stage  of  development  as 
the  posterior  one  in  S.  OHM  out i  (no. 
9608;  see  figs.  100-101,  p.  66).  The  fe- 
mur is  more  distinctly  abbreviated  than 
in  Cymbospondylw,  and  is  somewhat 
broader  than  in  S.  osmonti  (no.  9608). 
The  tibia  and  fibula  both  show  a  median 
constriction.  The  tibia  is  much  larger 
than  the  fibula  and  has  nearly  the  same 
width  at  the  two  ends.  The  fibula  is 
expanded  at  the  distal  end,  but  as  in 
Cymbospondylus  the  proximal  end  is 
barely  wider  than  the  middle  of  the 
shaft.  Several  discoidal  limb  elements 
are  present  with  the  hind  limb  of  the 
type  specimen,  but  it  is  uncertain 
whether  they  represent  mesopodial  or 
phalangeal  elements. 

A  considerable  part  of  the  skull  is 
present  with  specimen  10998,  and  a  por- 
tion of  the  cranium  with  specimen  9082,  but  as  yet  it  has  not  been  possible 
satisfactorily  to  free  the  delicate  bones  from  the  hard  matrix. 

Of  specimen  9082  there  are  given  below  the  measurements  of  three  an- 
terior dorsal  vertebrae,  which  correspond  in  their  position  to  about  the  15th, 
16th,  and  17th  in  the  vertebral  column ;  a  fourth  is  near  the  position  of  the  25th 
vertebra. 

MEASUREMENTS,  SPECIMEN  9082. 

15th  vertebra,  anteroposterior  diameter  of  centrum  21.3  mm. 

15th  vertebra,  height  of   centrum   30 

15th  vertebra,  height  of  upper  arch  41 


Fig.  147.     Delphinosaurus  per'rini  Merriam. 
Posterior  limb,  X  %. 
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16th  vertebra,  anteroposterior  diameter  of  centrum  21.5  mm. 

16th  vertebra,  height   of  centrum   30 

16th  vertebra,  width  of  centrum 33.5 

17th  vertebra,  anteroposterior  diameter  of  centrum  21.5 

17th  vertebra,  width   of  centrum    33.5 

25th  vertebra,  anteroposterior  diameter  of  centrum  24 

25th  vertebra,  height  of  centrum   30 

25th  vertebra,  width   of   centrum    45 

25th  vertebra,  height  of  upper  arch  41 

MEASUREMENTS,  SPECIMEN  9086. 

Anterior  caudal  vertebra,  anteroposterior  diameter  of  centrum    28  mm. 

Anterior  caudal  vertebra,  transverse  diameter  of  centrum  a  48 

Anterior  caudal  vertebra,  height  of  centrum  52 

Anterior  caudal  vertebra,  height  of  upper  arch  48 

Anterior  caudal  vertebra,  length  of  chevron  72 

Anterior  caudal  vertebra,  length  of  stem  of  chevron  39 

Ilium,  greatest  length  55 

Ischium,  greatest  length  61 

Ischium,  greatest  width  56 

a  Approximate. 

VERTEBRAE  OF  SPECIMEN  10998. 

Number  of  Transverse  Antero- 

vertebra  counted  Height  of  diameter  of  posterior 

from  anterior  end  centrum  diameter  of 

of  column*  centrum 

3  27mm. 

9  18 

20  22 

23  35 

36  36 

38  21 

48  33  16 

65  23  9 

70 

84  19  9 

105  16  4.5 

110  «12  4.5 


*To  the  number  of  vertebrae  behind  the  skull  about  5  to  10  vertebrae  should  be  added  to  compensate  for  a 
number  which  have  been  lost  from  the  anterior  end  of  the  column. 
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SHASTASAURUS  Merriam. 

Merriam,  Amer.  Jour.  Sc.  1895,  vol.  4,  p.  r>li. 
(Dames).  Sit/h.  d.  A<-ad.  d.  Wiss.  Berlin,  1895,  p.  104S. 
!  (  Bouleii<rer),  Zool.  Record.  Kept.  p.  29,  189(i. 
S<-liaxt(ix(inntx  (  Yakowlew),  Verh.  d.  Kais.  RHSS.  .Min.  (ies.  Bd.  40.  p.  194. 

Vertebral  centra  relatively  short,  neural  spines  often  great  ly  thickened. 
Hicipital  ribs  only  in  anterior  part  of  series.  Coracoid  pedunculate;  scapula 
expanded  distally,  and  with  anterior  hook.  Pubis  and  ischiuin  much  ex])andc(l 
distally,  pubis  with  deep  obturator  notch.  Propodials  and  epipodials  of  an- 
terior limb  relatively  much  shortened.  Epipodial  elements  separated  by  a  cleft 
excepting  in  extreme  cases  of  shortening  (S.  careyi}.  Posterior  elements  of 
epipodial  and  mesopodial  series  relatively  reduced. 

Typical  species,  S.  pacificus,  from  the  upper  portion  of  the  Trachyceras 
Beds  of  the  Hosselkus  Limestone  of  Shasta  County,  California. 

This  genus  is  characterized  by  the  extreme  specialization  of  the  limbs 
and  of  the  neural  vertebral  arches.  Both  propodial  and  epipodials  of  the  an- 
terior limb  are  greatly  shortened,  the  most  extreme  form  appearing  in  S. 
ciire/ji,  where  the  length  may  not  amount  to  more  than  75  per  cent,  of  the  width. 
With  the  reduction  in  length  of  these  elements  there  has  occurred  also  a  reduc- 
tion of  the  posterior  elements  of  the  limb,  so  that  the  posterior  epipodial  and 
probably  the  third  or  posterior  mesopodial  were  much  smaller  than  in  the  other 
genera.  Judging  from  what  is  known  of  this  reduction,  the  posterior  digit  has 
also  suffered  reduction,  and  the  limb  may  have  been  reduced  nearly  to  a  two- 
fingered  type.  The  elements  of  the  arches  are  generally  thick  and  heavy. 
Particularly  is  this  true  in  the  case  of  the  coracoid,  which  is  also  exceptionally 
narrow  anteroposteriorly  near  the  proximal  end. 

The  skull  is  fairly  well  known  in  this  genus,  but  has  not  shown  any  very 
marked  characteristics. 

The  species  occur  in  the  Hosselkus  Limestone  of  Shasta  County,  Cali- 
fornia, ranging  from  the  lower  part  of  the  Trachyceras  Beds  to  the  massive 
upper  limestones.  S.  osmonti  seems  to  range  from  the  Trachyceras  Beds, 
where  it  is  common,  to  the  upper,  massive  limestone  where  it  is  rare.  S.  alex- 
(itidrae,  S.  altispinus,  and  S.  pacificus  are  known  from  the  upper  portion  of  the 
Trachyceras  Beds.  In  the  upper,  massive  limestones  S.  careyi  is  the  common 
form,  vertebrae  of  S.  osmonti  being  seen  with  it  occasionally.  S.  carijei  may 
possibly  occur  also  in  the  upper  part  of  the  lower  horizon. 

The  history  of  the  genus  seems  to  show  pretty  clearly  a  gradual  evolution 
out  of  an  earlier,  smaller,  and  less  specialized  type  like  S.  osmonti,  to  the  much 
larger  and  more  highly  specialized  S.  careyi,  which  is  almost  the  only  form 
seen  in  the  upper,  massive  limestones. 
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As  yet  no  true  SJiostasaurus  is  known  from  the  Middle  Triassic  formation  of 
Nevada. 

From  the  evidence  of  a  very  small  quantity  of  fragmentary  material  it  ap- 
pears possible  that  ichthyosaurian  forms  at  least  allied  to  Shastasawms  have 
had  a  wide  geographic  distribution  in  Triassic  times.  From  an  examination 
of  the  measurements  of  Hulke's  Jcli/l/yoxu/inix  />o/<irix  the  writer  has  sug- 
gested (1902,  2,  p.  88)  that  this  form  closely  resembles  in  character  the  pos- 
terior dorsals  of  Shastasmtrtts.  More  recently  Yakowlew  (1902,  1,  p.  194)  has 
described  additional  material  from  this  region.  This  he  refers  to  the  species 
polaris,  which  is  considered  by  him  to  be  a  true  Skwtasauarus.  As  is  indicated 
elsewhere  (p.  150)  this  form  is  possibly  nearer  to  €ymbospon<bylns  than  to 
Sliastasaurus. 

SIIASTASAURUS  OSMONTI  Merriam. 
Shastasaurus  osmonti  Merriam,  Univ.  Calif.  Publ.  Geol.,  vol.  3,  p.  93,  pis.  8,  9,  10,  and  1 1 . 

Vertebral  centra  relatively  longer  than  in  S.  careyi,  and  somewhat  shorter 
than  in  S.  pacificus  or  altispinus.  Neural  arches  of  dorsal  vertebrae  showing 
more  lateral  compression  than  S.  careyi  and  altispinus.  Coraeoids  and  hume- 
rus  much  broader  and  thicker  than  in  S.  alcxandrae.  Humerus  less  abbreviated 
than  in  S.  careyi. 

This  species  was  the  first  American  Triassic  ichthyosaur  of  which  enough 
material  was  found  to  make  possible  a  satisfactory  determination  of  its  syste- 
matic position.  The  type  specimen  consisting  of  thirty-five  vertebrae  from  the 
anterior  portion  of  the  column,  together  with  the  most  important  elements  of 
the  anterior  arch  and  limb,  was  obtained  by  Mr.  V.  C.  Osmont  from  the  Atrac- 
tities  Beds  of  the  Hosselkus  Limestone,  at  Smith's  Cove,  on  the  west  side  of 
Brock  Mountain,  between  Squaw  Creek  and  Pit  River,  in  Shasta  County, 
California.  Several  other  specimens  representing  about  as  large  a  portion  of 
the  skeleton  as  the  type,  also  many  isolated  bones  or  small  parts  of  skeletons, 
have  been  obtained.  The  species  ranges  from  well  down  in  the  Trachyceras 
Beds  of  the  lower  or  more  shaly  division  of  the  Hosselkus  Limestone  up  into 
the  higher,  massive,  gray  limestone  horizon  represented  in  part  by  the  Spiri- 
ferina  Beds.  It  is  most  common  in  the  upper  part  of  the  lower  or  more  shaly 
division. 

The  species  includes  individuals  probably  ranging  from  12  to  18  or  20  feet 
in  length. 

In  the  type  specimen,  no.  9076,  Univ.  Calif.,  Col.  Vert.  Palae.,  a  series  of  ver- 
tebrae shows  the  characters  of  the  -centra  from  the  axis  to  the  36th  centrum. 
(See  fig.  57,  p.  48.)  As  far  back  as  this  series  of  centra  extends  the  faces  of 
articulation  of  the  diapophyses  are  confluent  above  with  the  articular  faces  for 
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the  neural  arches.  In  the  anterior  region  of  the  column  the  diapophyses  are 
relatively  short,  and  well  developed  parapophyses  are  present  below  them.  In 
proceeding  backward  in  the  series  the  diapophyses  gradually  elongate,  and  in 
the  middle  dorsal  region  develop  a  knee-like  bend  at  about  the  middle  of  their 
height,  the  lower  portion  of  the  apophysis  swinging  forward  almost  to  the 
anterior  margin  of  the  centrum.  Behind  the  anterior  ten  or  eleven  vertebrae 
the  parapophyses  are  reduced  and  were  not  functional.  The  last  minute  trace 
appears  on  one  side  of  the  eighteenth  centrum. 

The  upper  arches  of  the  vertebrae  in  the  most  anterior  cervical  region  pos- 
sess slender  spines  with  a  round  cross-section.  The  spines  of  the  dorsal  arches 
are  thick  compared  with  those  of  Ichthyosaurus,  but  they  are  more  compressed 
laterally  than  in  S.  altispinus  or  S.  careyi. 

The  ribs  are  rather  heavy  and  tend  to  develop  the  outward  curvature  of  the 
upper  portion  of  the  articular  face,  permitting  a  rocking  movement,  but  much 
less  strongly  than  in  S.  altispinus  (see  figs.  66«  and  66&,  p.  52)  or  S.  careyi. 

In  specimen  9081  there  is  present  the  posterior  portion  of  a  cranium  of 
S.  o»»ion/i  with  the  cervical  and  anterior  dorsal  vertebrae,  the  pectoral  girdle, 
and  portions  of  both  anterior  limbs.  The  limb  and  arch  elements  are  slightly 
smaller  than  those  of  the  type  specimen,  but  the  general  form  and  proportions 
are  the  same.  In  this  specimen  the  series  of  cervical  vertebrae  seems  to  be 
complete,  though  the  anterior  individuals  are  displaced  somewhat.  Immedi- 
ately behind  the  articular  face  of  the  basioccipital  is  a  small,  thin  centrum 
representing  the  atlas.  One  surface  shows  a  funnel-like  concavity  which  ex- 
tends inward  almost  from  the  margin.  The  opposite  side  is  gently  convex,  ex- 
cepting a  small,  shallow,  central  concavity  covering  not  more  than  one-third  of 
the  area.  The  widely  concave  side  apparently  represents  the  posterior  face, 
the  anterior  face  of  the  centrum  considered  as  the  axis  being  also  deeply  con- 
cave. Its  funnel-shaped  form  is,  moreover,  not  the  form  of  excavation  that 
would  probably  develop  in  articulation  with  the  basioccipital.  The  posterior 
articular  face  of  the  basioccipital  is  strongty  convex,  and  the  middle  of  the 
face  evidently  rested  in  the  small  concave  middle  area  of  the  anterior  side  of 
the  atlas. 

The  atlantar  centrum  differs  from  that  of  Cymbospondylus  in  the  develop- 
ment of  the  slight  concavity  on  the  otherwise  convex  anterior  face,  and  in  the 
apparent  absence  of  distinctly  marked  lateral  faces.  The  addition  of  a  cer- 
tainly known  atlas  to  the  vertebral  series  of  Shastasaurus  suggests  that,  as 
indicated  in  the  original  description,  the  number  of  cervicals  with  attached 
intercentra  may  be  larger  than  in  Ichthyosaurus. 

A  valuable  specimen  (no.  9608;  pi.  17,  fig.  1)  found  during  the  season  of 
1903  appears  to  correspond  to  S.  osmonti,  and  shows  the  previously  unknown 
vertebrae  and  ribs  of  the  posterior  dorsal,  sacral,  and  anterior  caudal  regions, 
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together  with  all  of  the  pelvic  elements,  and  the  first  two  segments  of  the  pos- 
terior limb. 

Over  thirty  vertebrae  are  present  with  this  specimen,  the  number  being 
about  evenly  divided  between  presacrals  and  postsacrals.  They  have  been  but 
little  disturbed,  but  are  so  turned  that  measurements  of  their  height  cannot 
be  made  in  most  cases  without  destroying  neural  arches  or  ribs.  The  length 
and  height  of  a  dorsal  about  fifteen  vertebrae  in  front  of  the  pelvis  are  nearly 
the  same  as  in  the  type  specimen  of  S.  oNiitoiiti.  The  anterior  caudals  are 
much  shorter  than  the  corresponding  centra  of  D.  i>en-nii.  A  comparison  of 
the  vertebrae  of  this  form  with  S.  pod/icus  is  difficult,  as  the  portion  of  the 
vertebral  column  represented  in  that  species  is  here  covered  by  the  ribs.  The 
neural  spines  of  the  most  posterior  dorsals  are,  however,  much  like  those  in 
the  type  specimen  of  S.  pacificus.  The  pelvis  so  far  as  known  is  quite  differ- 
ent from  that  of  S.  pacificus. 

Short  caudal  ribs  and  long-spined  Y-shaped  chevrons  are  present  on  the  an- 
terior caudal  vertebrae. 

MEASUREMENTS  OP  VERTEBRAE,  SPECIMEN  9608. 
Anteroposterior  diameter  of  the  centrum  of  a  posterior  dorsal  about 

fifteen  vertebrae  in  front  of  the  pelvis 32  mm. 

Height  of  15th  centrum  in  front  of  pelvis  69 

Height  of  a  neural  arch  about  seven  vertebrae  in  front  of  the  pelvis (Hi 

Anteroposterior  diameter  of  an  anterior  caudal  centrum  immediately 

behind  the  pelvis  32 

Height  of  neural  arch  of  anterior  caudal  immediately  behind  the  pelvis     52 
Length  of  an  anterior  caudal  chevron  a  114 

a  Approximate. 

The  coracoid  of  the  type  specimen  of  S.  osmonti  is  characterized  by  its 
thickness,  and  the  extreme  narrowness  of  the  proximal  portion.  The  form 
of  the  scapula  is  much  like  that  in  some  mosasaurian  genera.  The  greatly  ab- 
breviated and  thickened  elements  of  the  anterior  limb,  though  shorter  and 
thinner  than  in  S.'  alexandme,  are  easily  distinguished  from  the  corresponding 
elements  of  S.  careyi,  which  are  much  more  specialized  in  these  particulars. 

Near  the  humerus  in  specimen  9081  is  a  row  of  three  paddle  bones  from 
the  rnesopodial  or  phalangeal.  region  (pi.  15,  fig.  4).  Two  of  them  are  of  nearly 
equal  size,  and  the  third  element,  at  one  end  of  the  row,  is  much  smaller.  As 
has  been  stated  elsewhere  (p.  72)  there  is  reason  to  suppose  that  the  rela- 
tively large  size  of  the  anterior  elements  of  the  limb  was  accompanied  by  re- 
duction of  the  posterior  elements  to  such  an  extent  that  the  limb  came  to  have 
only  three  digits,  the  most  posterior  of  which  was  relatively  small. 

Other  discoidal  paddle  bones  are  present  with  specimen  9081 ,  and  in  one  of 
these  the  margin  is  distinctly  pitted  and  grooved  (pi.  15,  fig.  3). 
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The  pelvic  elements  seen  in  specimen  9608  (pi.  16)  are  much  like  those  of 
Delphinosaurm  pcrrini,  though  the  pectoral  arch  is  very  different.  The  ilium 
is  more  robust  than  in  Toirtoominix.  The  proximal  end  is  broadened  trans- 
versely much  as  in  D<'li>lihio*(uu-nx  and  Cymbospondylus.  There  is  no  evi- 
dence indicating  the  presence  of  a  posterior  tubercle  such  as  seems  to  be  present 
on  the  ilium  of  Delphinosawrus. 

The  ischium  is  a  broad,  plate-like  element,  but  is  not  as  wide  as  in  Delj>lii- 
itvMtiiriis  or  in  Cymfoospondylus  }><:lrinns. 

The  pubis  is  intermediate  in  form  between  that  of  the  6'.  jHtcifictts  and  the 
corresponding  element  of  I),  perrini.  It  differs  from  the  pubis  of  S.  pacificus 
in  the  form  of  the  posterior  portion  of  the  proximal  end,  which  in  S.  pacificus 
curves  inward  and  forward  toward  the  posterior  hook  of  the  expanded  distal 
portion.  In  the  type  specimen  of  S.  pacificus  the  proximal  end  is  broader  and 
the  posterior  proximal  hook  more  pronounced  than  in  specimen  9608. 

Of  the  left  hind  limb  (pi.  16,  fig.  6)  the  elements  belonging  to  the  propo- 
dial  and  epipodial  segments  are  but  little  disturbed.  The  femur  is  a  short 
robust  bone  with  a  well  developed  trochanteric  ridge,  and  a  somewhat  ex- 
panded distal  end.  It  is  a  little  more  slender  than  in  D.  perrini,  but  is  not  more 
elongated  than  in  Ichthyosaurus.  It  is  relatively  heavier  and  broader  than  in 
Cytn-bospondijlits. 

Each  of  the  epipodial  elements  shows  a  median  constriction,  and  they  are 
in  consequence  of  this  separated  by  a  wide  gap.  The  tibia  is  much  larger  than 
the  filmla,  and  is  almost  equally  expanded  at  the  two  ends.  The  fibula  is  much 
expanded  distally,  while  the  proximal  end  is  hardly  broader  than  the  median 
portion  of  the  shaft.  The  characters  of  the  epipodial  elements  are  in  general 
much  like  those  of  DcfpliinosduriiN  )>cn-ini  excepting  that  both  elements  are  a 
little  more  slender  than  in  that  form.  With  the  determinable  limb  bones  of 
this  species  are  several  discoidal  limb  elements  which  may  represent  tarsals  or 
possibly  phalanges.  In  one  of  these  rounded  elements  the  thickness  of  one  side 
is  much  greater  than  the  other,  probably  indicating  its  position  near  the  border 
of  the  limb,  and  the  peripheral  surface  is  distinctly  concave". 


.MEASUREMENTS  OF  SPECIMEN  9608. 

Pelvic  Elements. 

Ilium,  length .  HO  mm. 

Ilium,  transverse  diameter  of  distal  end  60 

Ischium,  length  

Ischium,  greatest  width  85 

Pubis,  length  -  120 

Pubis,  greatest  width  of  distal  blade  -  105 

Pubis,  width  of  proximal  end  67 
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Posterior  Limb. 

Femur,  length  132  mm. 

Femur,  width  of  proximal  end  78 

Femur,  greatest  diameter  of  proximal  end  84 

Femur,  width  of  distal  end  117 

Tibia,  length  96 

Tibia,  width  of  proximal  end  92 

Tibia,  width  of  narrowest  portion  of  shaft  66 

Tibia,  width  of  distal  end  108 

Fibula,  length  94 

Fibula,  width  of  proximal  end  41 

Fibula,  width  of  distal  end  86 

Of  the  skull  only  the  most  posterior  portion  of  the  cranium  and  of  the  lower 
jaw  are  present  in  specimen  9081.  In  the  posterior  parietal  region  the  rela- 
tions of  the  parietals  are  seen  for  the  first  time  in  Shastasaurus,  the  posterior 
arms  of  the  parietals  extending  backward  behind  the  parietal  arch  of  the  squa- 
mosal,  as  in  Cymbospondylus  and  Baptanodon. 

The  relations  of  the  temporal,  supratemporal,  postorbital  and  quadrate  are 
distinctly  shown,  and  are  much  as  in  S.  alexandrae.  The  articular  face  of  the 
quadrate  shows  a  weak  transverse  groove. 

The  form  of  the  basioccipital  appears  to  be  different  from  that  in  Ichthyo- 
saurus or  Baptanodon.  The  inferior  side  of  this  element  is  produced  as  two 
prominent  hypapophyses  not  unlike  the  corresponding  prominences  in  Cym- 
bospondylus or  in  the  Mosasauria.  The  posterior  articular  face  is  strongly 
convex. 


SHASTASAURUS  ALEXANDRAE  Merriam. 
Shastasaurus  alexandrae  Merriam,  Univ.  Calif.  Publ.  Geol.,  vol.  3,  p.  96,  pis.  12  and  13. 

Vertebral  centra  much  as  in  S.  osmonti,  but  much  longer  anteroposteriorly 
than  in  S.  careyi.  Anterior  cervical  ribs  double-headed;  posterior  cervical  or 
anterior  dorsal  ribs  single-headed.  Elements  of  the  pectoral  arch  and  anterior 
limb  much  broader  and  thinner,  and  anterior  notch  of  the  humerus  much  wider 
than  in  S.  osmonti. 

Type  specimen,  no.  9017,  Univ.  Calif.  Col.  Vert.  Palae.,  from  the  upper  part 
of  the  Trachyceras  Beds  of  the  Hosselkus  Limestone,  one-quarter  of  a  mile 
south  of  Smith's  Cove,  Brock  Mountain,  between  Squaw  Creek  and  Pit  River, 
Shasta  County,  California.  Fragmentary  material  apparently  belonging  to 
this  species  has  been  found  at  other  localities  in  this  region. 

The  type  specimen  of  this  species  represents  an  individual  of  nearly  the 
same  size  as  the  type  of  S.  osmonti,  but  the  cervical  and  anterior  dorsal  verte- 
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bral  centra  are  relatively  a  little  longer  than  in  that  species.  The  coracoid, 
scapula  and  humerus  are  all  much  broader  and  thinner  than  the  corresponding 
bones  in  S.  osinonti.  Though  the  two  species  are  closely  related,  the  differ- 
ences are  of  sufficient  magnitude  to  deserve  recognition  in  an  attempt  to  ex- 
press in  a  classification  the  amount  of  variation  in  this  genus. 

The  type  specimen  is  the  only  individual  of  atypical  Shastasaurus  of  which 
any  considerable  portion  of  the  skull  is  known.  Most  of  the  elements  are 
shown  in  this  specimen  excepting  the  rostral  region.  The  cervical  vertebral 
series  is  complete,  and  the  elements  which  are  of  importance  in  determining 
the  nature  of  the  change  in  the  rib  articulation  from  double  to  single  have 
been  almost  perfectly 'preserved. 


SHASTASAURUS  PACIFICUS  Mcn-iain. 

Shastagaurus  pacificus  Merriain,  Ainer.  Jonr.  Sci.,  1895,  vol.  4,  p.  56,  figs.  1  and  2.  Univ. 
Calif.  Publ.  Geol.,  vol.  3,  p.  102,  pi.  14.  figs.  1  and  2,  text-fig.  1. 

The  type  specimen  of  this  species,  constituting  also  the  type  of  the  genus 
Shastasaurua,  was  unfortunately  represented  by  only  a  few  posterior  dorsal 
vertebrae  and  ribs,  with  one  complete  pubic  bone  and  a  portion  of  another. 
Though  a  considerable  quantity  of  ichthyosaurian  material  has  been  known 
from  the  Upper  Triassic  of  America,  no  other  specimens  have  been  discovered 
which  seemed  certainly  to  represent  this  specific  type. 

The  species  seems  to  be  characterized  by  greater  length  of  the  vertebral 
centra   anteroposteriorly   than  in  any  other  species  of 
Shastasaurus.    The  neural  arches  of  the  posterior  dorsals 
are  short  and  are  considerably  thickened  but  do  not  show 
the  characters  of  S.  altispinus  or  S.  careyi. 

The  form  of  the  pubis  (fig.  148)  is  most  nearly  ap- 
proached in  S.  osmonti.  It  differs  from  the  form  in  that 
species  in  that  the  proximal  end  is  broader  and  the  pos- 
terior portion  curves  forward  and  inward  toward  the 
prominent  posterior  hook.  In  S.  osmonti  the  proximal  lg'c*/taJ« 
end  of  the  pubis  is  narrower  and  is  not  upturned.  about  ^  natural  size- 

Associated  with  the  type  specimen  of  S.  pacificus  are  three  large  discoidal 
elements,  similar  to  those  with  the  posterior  limb  of  specimen  9608,  referred 
to  S.  osmonti.  They  appear  to  have  been  slightly  concave  on  the  upper  and 
lower  surfaces.  The  discs  are  quite  thick,  and  the  edges  are  concave  with  an 
uneven  or  pitted  surface.  The  form  of  these  elements  indicates  that  they  were 
separated  by  a  considerable  body  of  cartilage.  The  discs  resemble  the  pha- 
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langes  of  Baptanodon,  but  fail  to  show  even  the  tendency  to  angularity  seen 
in  the  proximal  mesopodials  of  that  form.  Inasmuch  as  elements  of  this  char- 
acter are  also  found  associated  with  the  epipodial  region  in  the  types  of  S. 
osmonti  and  D.  perrini,  it  is  possible  that  they  are  proximal  mesopodials.  In 
D.  perrini  (no.  9082),  the  anterior  and  middle  proximal  carpals  are  however 
slightly  angular.  It  is  not  improbable  that  in  this  species  as  in  other  forms  of 
Shastasaurus  the  mesopodial  and  phalangeal  elements  were  all  reduced  tovthe 
peripherally  grooved  or  pitted  discoidal  form. 

Though  the  characters  of  this  form  of  ShaxtdMtiirns  approach  those  of  S. 
osmonti,  and  it  may  ultimately  be  necessary  to  unite  them,  no  intermediate 
types  are  known.  As  long  as  the  two  forms  can  be  distinguished  the  interests 
of  classification  are  best  subserved  by  recognizing  them  as  distinct. 


SIIASTASAURUS  ALTISPINUS  Merriain. 

Shastasaurus  altispinus  Merriam,  Univ.  Calif.  Puhl.  Geol.,  vol.  3.  p.  99,  pi.  14.  fijz;.  5,  and 
pi.  15. 

Vertebral  centra  not  differing  greatly  in  form  and  proportions  from  S. 
osmonti;  neural  spines  of  dorsal  vertebrae  very  thick  transversely.  Except- 
ing the  blade-like  anterior  and  posterior  margins,  they  are  nearly  circular  in 
cross-section.  Distal  end  of  spines  hollowed  by  a  groove-like  anteroposterior 
excavation.  Heads  of  dorsal  ribs  with  two  faces  sharply  turned  away  from 
each  other;  upper  face  usually  more  noticeably  pitted  than  lower.  The  known 
podial  limb  elements  with  rounded  and  excavated  or  deeply  pitted  margins, 
but  with  a  distinct  notch  on  the  outer  side. 

Very  little  is  known  of  this  species  excepting  the  type  specimen  and  a 
small  amount  of  fragmentary  material  which  may  belong  here.  It  seems  to 
be  fairly  distinctly  separated  from  S.  osmonti  and  S.  alexandrae  with  shorter 
and  broader  neural  spines  and  less  specialized  rib  heads.  In  S.  altin}>i>nis  the 
upper  arches  of  the  middle  dorsal  vertebrae  are  more  than  20  per  cent,  higher 
than  the  centra,  and  in  S.  osmonti  they  are  10  per  cent,  shorter  than  the  centra. 

In  S.  altispinus  the  peculiar  double  facetted  character  of  the  heads  of  the 
dorsal  ribs  seems  to  be  more  strongly  expressed  than  in  any  of  the  other  species 
(pi.  18,  figs.  3ffl  and  37;).  The  lower  face  is  generally  less  distinctly  pitted  than 
the  upper,  and  was  evidently  in  direct  contact  with  the  lower  portion  of  the 
diapophysis.  The  upper  face  may  be  turned  away  from  the  lower  face  as  much 
as  thirty-five  degrees.  The  surface  of  the  upper  face  is  generally  quite  dis- 
tinctly concave.  As  is  shown  under  the  general  discussion  of  the  rib  articu- 
lation of  Triassic  Ichthyosauria  (p.  52)  the  adjustment  of  the  rib  to  the 
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vertebral  centrum  is  in  these  forms  quite  different  from  that  of  the  typical 
Ichthyosaurus. 

From  S.  cnrci/i  this  species  differs  in  having  longer  vertebral  centra  and 
very  much  longer  neural  vertebral  spines,  with  anteroposteriorly  grooved  in- 
stead of  strongly  convex  terminal  faces  of  the  neural  spines.  The  upper  ends 
of  the  neural  spines  of  the  middle  dorsal  region  arc  also  much  thicker  than 
the  middle  portion  of  the  arch  in  S. 
cfiir/ji.  In  »V.  <tltixj>inuK  a  tendency  to 
thicken  the  upper  portion  of  the  neural 
spines  appears,  but  it  is  not  developed 
as  far  as  in  S.  carci/i. 

Two  paddle  elements  occurring  with 
the  type  specimen  of  this  species  both 
show  sharp  marginal  notches  (fig.  149) 
such  as  are  not  seen  in  any  discoidal 
limb  bones  of  S.  oxmoHti.  The  periphe- 

1")1   t'-lCP  in  these  elements  IS  cmic-ive  -Illd     Fig'   149'     Klla><tlls<"trvs  «»«*P«««*   Merriam.      Margi- 
nal   element    from    mesopodial,    metapodial,    or 
HlUch  roughened.  phalangcal  region,  X  %. 


SHASTASAIIRUS  CAREYI  Merriam. 
x  careiji  Merriam,  Univ.  Calif.  Publ.  Gcol.,  vol.  3,  p.  98,  pi.  14,  figs.  3  and  4. 

Vertebral  centra  relatively  high  and  short.  Neural  spines  of  dorsal  verte- 
brae considerably  thickened  distaily.  Limb  elements  more  abbreviated  than 
in  other  species.  Radivis  relatively  large. 

The  type  specimen  (no.  9075,  Univ.  Calif.  Col.  Vert.  Palae.)  of  this  species 
consisted  of  two  very  large  vertebrae  and  some  rib  fragments  from  the  ante- 
rior dorsal  or  posterior  cervical  region.  The  diapophyses  are  short,  and  rudi- 
mentary parapophyses  are  present  below  them.  The  centra  are  relatively  short 
anteroposteriorly.  The  dimensions  of  the  centra  in  this  specimen  indicate  that 
this  form  approached  the  size  of  the  largest  known  species  in  the  genus  Ichthy- 
osaurus. 

MEASUREMENTS,  NO.  9075. 

Width  of  vertebral  centrum  from  anterior  dorsal  or  posterior  cervical 

region    180  mm. 

Height  of  centrum  a!60 

Anteroposterior  diameter  of  centrum  60 

a  Approximate. 
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A  specimen  (no.  9614;  pis.  15  and  18)  obtained  from  the  Upper  Triassic  of 
Shasta  County,  California,  in  1903  shows  several  characters  of  limbs  and  ver- 
tebrae not  previously  seen  in  any  of  the  material  from  this  region.  It  re] » re- 
sents a  large  animal  with  greatly  abbreviated  propodial  and  epipodial  limb 
elements.  The  vertebral  centra  are  unusually  short  anteroposteriorly,  while 
the  short  neural  spines  are  nearly  round  in  cross-section,  and  are  much  swollen 
at  the  distal  end. 

The  characters  of  the  limb  elements  (pi.  15)  resemble  somewhat  those  in 
S.  osmonti.  The  humerus  is  much  shorter  and  broader  than  in  that  species 
and  is  altogether  the  most  abbreviated  proximal  limb  segment  known  in  any 
ichthyosaurian.  The  bone  is  also  remarkably  thick  throughout,  although  the 
pectoral  ridge  shows  relatively  but  little  elevation  compared  with  that  of  S. 
osmonti.  The  anterior  edge  is  sharply  emarginated  as  in  the  other  species. 
On  the  distal  end  the  faces  of  articulation  are  not  distinctly  separated  by  an 
angle  as  in  S.  osmonti,  and  the  surface  is  considerably  excavated.  The  radius 
is  relatively  large  compared  with  the  humerus.  Both  its  length  and  width  are 
greater  compared  with  the  corresponding  dimensions  of  the  humerus  than  in 
the  other  species.  Its  length  is  also  less  compared  with  its  own  width.  Ex- 
cepting the  wide  but  rather  sharply  marked  notch  on  the  anterior  margin,  the 
outlines  of  the  bone  are  gently  rounded,  in  contrast  to  the  somewhat  ang- 
ular form  of  the  radius  in  S.  osmonti.  The  posterior  margin  of  the  bone  is 
convex  instead  of  concave  as  in  all  other  known  Triassic  ichthyosaurs,  indi- 
cating the  absence  of  a  distinct  gap  between  radius  and  ulna.  Excepting  the 
notched  anterior  side  the  whole  border  of  the  radius  is  sharply  excavated  by 
a  continuous  groove  running  around  the  margin. 

MEASUREMENTS  OF  LIMB  ELEMENTS,  SPECIMEN  9614. 

Humerus,  axial  diameter  156  nun. 

Humerus,  greatest  transverse  diameter  212 

Humerus,  greatest  thickness  of  proximal  end  138 

Humerus,  greatest  thickness  of  distal  end  90 

Radius,  axial  diameter  ]2(> 

Radius,  greatest  transverse  diameter 156 

In  specimen  9614,  ten  complete  vertebrae  are  present  in  series,  with  the 
upper  arches  and  ribs  very  little  disturbed.  The  centra  are  large  and  are  re- 
markably thin  anteroposteriorly  (pi.  18,  fig.  5<t).  Judging  from  the  position 
of  the  diapophyses  they  belong  to  the  middle  dorsal  region.  The  centra  are 
thinner  than  in  any  other  species  of  Sliastasaunis,  unless  it  be  S.  core/ji.  The 
diapophyses  are  long  and  narrow.  The  anterior  and  posterior  faces  of  the 
centra  are  evenly  but  deeply  biconcave.  The  neural  arches  are  relatively  short, 
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their  height  being  considerably  less  than  the  height  of  the  centra.  The  distal 
ends  of  the  neural  spines  are  much  expanded  and  thickened,  and  the  upper  por- 
tion is  slightly  domed,  instead  of  excavated  as  in  />'.  (illispinus.  A  horizontal 
cross-section  of  the  upper  portion  of  the  neural  spine  is  nearly  circular,  and  at 
the  upper  end  of  the  spine  the  transverse  diameter  is  considerably  greater  than 
the  corresponding  diameter  immediately  above  the  /yga  pophyses.  The  xygapo- 
physial  facets  are  well  developed  although  not  very  large. 

MEASUREMENTS  OK  VERTEBRAE.  SPECIMEN  9614. 

Height  of  centrum  of  vertebra  from  middle  dorsal  region 118  mm. 

Transverse  diameter  of  centrum  ....  alia 

Anteroposterior  diameter  of  centrum  34 

Length  of  upper  arch  79 

Transverse  diameter  of  neural  spine  behind  anterior  zyga  pophyses 25 

Transverse  diameter  of  neural  spine  at  upper  end  35 

a  Approximate. 

Well  preserved  ribs  (pi.  18,  fig.  6)  are  present  with  each  of  the  vertebral 
centra  with  this  specimen.  The  form  of  these  ribs  is  in  general  similar  to  that 
of  the  ribs  in  S.  o*inonti,  excepting  that  the  shaft  and  head  are  apparently 
somewhat  heavier.  The  posterior  side  of  the  shaft  is  strongly  grooved  in  the 
proximal  half.  The  distal  portion  has  been  broken  away  in  all  cases.  As  in 
S.  osmonti  and  S.  aUispinus,  the  upper  portion  of  the  articular  face  of  the 
rib  is  turned  rather  sharply  outward  from  the  plane  of  the  lower  portion  of 
the  face. 

Of  the  known  species  this  form  is  evidently  nearest  to  S.  careyi  and  S.  alti- 
*/H'IIHH.  Though  the  vertebrae  cannot  be  compared  closely  with  the  known  type 
of  S.  careyi,  owing  to  their  not  belonging  in  the  same  region  of  the  column, 
they  seem  to  be  somewhat  thinner  anteroposteriorly.  Their  fore-and-aft  diam- 
eter equals  about  29  per  cent,  of  the  height  of  the  centrum  while  in  S.  careyi  it 
equals  about  37  per  cent. 

In  S.  aUispinus  vertebral  centra  from  a  region  of  the  column  corresponding 
closely  to  that  represented  in  specimen  9614  are  much  thicker  than  in  this 
specimen.  Also,  the  neural  arches  are  relatively  almost  twice  as  long,  and 
are  much  less  expanded  distally. 

Considering  that  specimen  9614  represents  a  different  part  of  the  vertebral 
column  from  that  seen  in  the  type  of  S.  cairi/i,  it  is  not  improbable  that  it  rep- 
resents the  same  specific  type  or  at  least  a  closely  allied  species.  The  extremely 
specialized  character  of  the  anterior  limb  found  here  one  would  expect  to  find 
in  S.  careyi  of  all  the  known  species,  as  it  is  the  latest  and  the  largest  of  the 
several  types. 
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MlXOSAURIDAE  OP  UNCERTAIN  POSITION. 
CYMBOSPONDYLUS   (?)  NORDENSKIOLDII   (Hulke). 

is  norden-skioldii  Hulke,  Beihang.  K.  Svenska  Vet.  A.  Handlinyar.     Bd.  1, 


no.  1. 
MLrosaurus  nordenskioldii  (Dames),   Sitzb.  der  Acad.  der  Wiss.,  Berlin,  1895,  p.  1047. 

To  this  species  Hulke  referred  a  number  of  vertebrae  and  ribs  obtained  by 
A.  E.  Nordenskiold  in  the  Triassie  of  Saurie  Hook,  Spitsbergen. 

The  specimens  referred  to  this  species  represent  a  smaller  form  than  C.(?) 
polaris.  The  vertebrae  present  represent  the  thoracic  and  caudal  regions.  The 
dorsal  vertebrae  (2r/)  described  by  Hulke  are  subcircular,  slightly  angular,  and 
approaching  a  hexagonal  form  in  anteroposterior  profile,  the  greatest  width  or 
transverse  diameter  nearly  equaling  the  height.  The  height  is  about  1.65  in. 
The  anteroposterior  diameter  is  .35  in.  They  show  anterior  and  posterior  artic- 
ular surfaces  which  are  unequally  hollow.  On  one  centrum  the  diapophysial 
articular  surface  is  apparently  confluent  with  the  neurapophysial  articular 
surface.  The  interval  between  the  diapophysis  and  parapophysis  exactly  cor- 
responded to  the  interval  between  the  tuberculum  and  capitulurn  of  a  rib  near 
by.  As  it  is  described,  this  vertebra  might  represent  a  posterior  cervical  or  an 
anterior  dorsal  of  either  a  shastasaurine  or  an  ichthyosaurine  form. 

The  caudal  vertebrae  referred  to  this  species  were  recognized  by  Hulke  as 
differing  markedly  from  the  caudals  of  the  typical  Ichthyosaurus,  but  their 
reference  to  an  ichthyosaurian  seemed  unavoidable  owing  to  their  association 
with  unmistakable  tabular,  polygonal  ossicles  plainly  belonging  to  an  ichthyo- 
saurian paddle.  The  caudal  centra  were  characterized  by  having  a  vertical 
diameter  relatively  long  as  compared  with  the  transverse  diameter.  The  artic- 
ular faces  of  the  caudals  were  characterized  by  a  small  but  deep  pit  immedi- 
ately below  the  middle. 

The  dimensions  of  a  caudal  (series  2,  d  Hulke)  were  :  anteroposterior  diam- 
eter, .3  in.  ;  vertical  diameter,  about  1  in.  ;  horizontal  transverse  diameter,  .6  in. 

The  caudal  centra  of  this  species  in  their  general  form  resemble  the  centra 
of  the  distal  third  of  the  caudal  region  in  Cymbospondylus  (see  pi.  9,  figs.  8« 
.and  8&),  and  of  other  shastasaurine  forms,  and  do  not  differ  greatly  from  those 
of  Mixosaurus.  (See  fig.  124,  p.  96.) 

Two  fragments  forming  part  of  the  snout  of  a  reptile  were  found  by  Hulke 
in  the  Nordenskiold  collection  from  Spitzbergen,  and  were  considered  as  prob- 
ably belonging  in  the  genus  Ichthyosaurus.  The  anterior  teeth  were  smaller 
than  the  posterior  ones,  and  were  set  in  an  open  continuous  groove.  The  pos- 
terior teeth  were  found  to  occupy  separate  sockets,  the  dentary  groove  being- 
interrupted  in  this  region  by  transverse  partitions  between  the  teeth.  All  of 
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those  teeth  showed  a  simple  oblong  cross-section  through  the  neek,  the  antero- 
poslerior  diameter  being  to  the  transverse  as  2:1  or  in  some  eases  2.5:1.  A  por- 
tion of  a  crown  protruding  showed  relatively  coarse  longitudinal  fluting. 

In  later  examination  by  Dames  (1895)  of  the  specimens  studied  by  Ilnlke, 
the  statements  of  Ifulke  were  substantiated,  and  attention  was  called  to  the 
remarkable  similarity  of  these  specimens  to  Mixosaurus  ?  of  the  European  Mid- 
dle Trias.  Dames  noted  several  minor  differences  between  the  dentition  of  the 
Spitsbergen  form  and  that  of  3f.(?)  (damn.  In  -¥.(?)  <tt<icnx  the  cross-sec- 
tions of  the  teeth  were  stated  by  Dames  to  be  nearly  round,  and  the  partitions 
between  the  alveoli  weak.  In  the  Spitsbergen  form  the  cross-sections  are  rela- 
tively narrow  transversely,  and  the  partitions  between  the  alveoli  are  strong. 
According  to  the  observations  of  the  writer  the  most  posterior  teeth  of  -¥.(?) 
(itin'KH  may  show  some  lateral  compression. 

Taking  oATerything  into  consideration,  the  affinities  of  Hulke's  /.  norden- 
xlsioldii  seem  closer  with  Gymbospondylus  than  with  any  other  known  genus. 
The  Spitsbergen  form  differs  from  Mixosaurus,  particularly  in  the  nature  of 
the  rib  articulation  in  the  cervical  or  anterior  dorsal  vertebrae. 

In  the  great  excess  of  their  vertical  diameter,  the  caudal  vertebrae  of  C.  (?) 
iionh'iiNkioldii  were  stated  by  Hulke  to  resemble  a  vertebra  found  by  Sir.  Ed. 
Belcher,  in  1852,  on  Exmouth  Island,  lat.  77°  16'  N.,  long.  96°  W.  This  specimen 
was  figured  by  Owen  in  the  appendix  (p.  389)  to  Belcher's  "Last  of  the  Arctic 
Voyages. ' ' 

CYMBOSPONDYLUS  (?)  POLARIS  (Hulke). 

Ichthyosaurus  polaris  Hnlke,  Bihang  K.  Svenska  Vet.  Ak.  Handlingar,  Bd.  1,  no.  9. 
Ichthyosaurus  (Mixosaurus)  polaris  (Damas),  Sitzb.  der  Acad.  der  Wiss.,  Berlin,  1895, 

p.  1405. 
Ichthyosaurus?  (SJiastasaurusf)  polaris   (Merriam),  Univ.   Calif.  Publ.  Geol.,  vol.  3, 

pp.  87  and  88. 
Shastasaurus  polaris  (Yakowlew),  Verh.  d.  Kais.  Russ.  Min.  Ges.,  Bd.  40,  p.  194. 

This  species  was  described  by  Hulke  from  fragmentary  material  obtained 
by  A.  E.  Nordenskiold  in  the  Triassic  of  Spitsbergen.  Yakowlew  (1902,  1) 
referred  a  vertebra  to  this  form.  Hulke  studied  two  vertebral  series. 
One  series  included  eight  vertebrae,  the  other  three.  In  the  series  of  eight  ver- 
tebrae the  outline  of  one  of  the  centra  is  described  as  roughly  that  of  a  rather 
narrow,  long  horseshoe.  The  dimensions  of  this  centrum  were  as  follows: 
height,  3.9  in.;  transverse  diameter,  2.7  in.;  anteroposterior  diameter,  1.4  in. 
About  half  way  down  on  the  side  of  one  centrum  was  an  oblong  rib  facet  1.2 
in.  long  and  .4  in.  wide.  The  facet  was  slightly  contracted  at  the  middle  and 
extended  obliquely  downward  toward  the  anterior  border  of  the  centrum. 

The  anterior  and  posterior  faces  of  the  centrum  were  said  to  be  deeply 
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concave,  but  relative  to  the  whole  area  the  extent  of  the  concavity  was  small, 
and  for  some  distance  below  the  neural  canal  the  surface  was  nearly  plane. 

The  vertebrae  present  in  the  series  of  eight  centra  Hulke  considered  as 
representing  the  posterior  dorsal  or  the  anterior  caudal  region.  The  writer 
(1902,  2,  p.  88)  suggested  that  they  resemble  the  posterior  dorsals  of  Shas- 
tasaurus.  The  narrow  form  of  the  centra  favors  somewhat  Hulke 's  suggestion 
regarding  their  position  in  the  anterior  caudal  region,  but  the  long,  narrow  rib 
articulation  is  more  like  that  of  posterior  dorsals  in  the  shastasaurine  group. 
The  limited  area  of  deep  concavity  on  the  anterior  and  posterior  faces  suggests 
the  characters  of  Cymbospondylus  /x'friini.s,  in  which  the  pos- 
terior dorsals  are  also  relatively  narrow  (pi.  9,  figs.  2  and  3) . 
The  three  consecutive  centra  of  the  second  vertebral  series 
were  much  compressed  laterally  and  had  short  rib  facets. 
They  may  have  represented  caudals. 

Judging  from  the  available  material  of  this  species  it  lie- 
longs  in  the  shastasaurine  group.  It  is  not  possible  to  make 
certain  of  the  genus  to  which  it  belongs.  The  suggestion  of 
Yakowlew  and  the  writer  regarding  its  affinities  with  Shasta- 
saurus  were  justified  in  the  light  of  the  information  at  hand, 
but  with  a  better  knowledge  of  the  genus  Cwribospondylus  it 

Fig.  150.    Cymbospondy-  ,,  7       .  -111  i  i   •      J.T  -.LI' 

hU(t)  poiaris  (Hulke)  appears  that  poians  might  be  placed  in  that  genus  with  more 
(After' Yntw^  reason  than  could  be  advanced  for  referring  it  to 

SOUTHS. 


CYMBOSPONDYLUS  ( ?)  NATANS,  n.  sp. 

A  perfectly  preserved  humerus  (no.  9873,  see  pi.  13,  figs,  la  and  1ft)  from 
the  Triassic  of  the  West  Humboldt  Range  of  Nevada  differs  so  much  from  the 
humerus  of  Cymbospondylus  petrinus  that  its  characters  are  not  covered  by  the 
description  of  that  species,  and  possibly  not  even  by  the  genus  Cymbospondy- 
lus. In  some  respects  this  specimen  approaches  the  genus  Mixosaurus  more 
closely  than  does  the  typical  Cymbospondylus. 

As  indicated  by  the  following  measurements  the  humerus  is  relatively  short 
and  broad  and  represents  a  somewhat  smaller  form  than  the  typical  Cymbos- 
pondylus  pet  tin  HH. 

MEASUREMENTS  OP  HUMERUS,  NO.  9873. 

Greatest  length  53  mm. 

Greatest  width  of  distal  end  38 

Width  of  median  or  shaft  region 31 

Greatest  thickness  of  distal  end  ...  ..  11 
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The  shaft  of  the  humerus  is  much  shorter  than  in  ('.  />< 'In'intH,  and  is  broad- 
ened  by  an  expansion  of  tlie  anterior  margin.  The  posterior  half  of  the  prox- 
imal end  shows  a  well  developed  hemispherical  articular  face  which  grades 
into  a  broad,  concave  articular  face  immediately  anterior  to  it.  On  the  ante- 
rior side  of  the  lower  face  of  the  proximal  end  there  is  a  short  but  well  marked 
pectoral  ridge.  On  the  distal  end,  the  two  articular  faces  are  distinctly  sepa- 
rated by  a  prominent  angle.  The  posterior  articular  face  is  much  shorter  than 
the  anterior.  The  anterior  articular  face  extends  over  the  anterior  distal  angle 


Fig.  152. 

lus(t)  natans,  n.  sp. 
A  portion  of  an  an- 
terior limb,  X  V->. 


Fig.  153.  Mixosaurus 
cornalianus  (Bassani. ) 
Proximal  portion  of 
an  anterior  limb, 
X  V->.  (Adapted 
from  Repossi.) 


.  1.11.  Cymbospondylus  />r- 
IriiniM  Lc'iily.  Proximal 
portion  of  anterior  limb. 


and  along  the  anterior  margin  for  about  three-fourths  of  the  distance  to  the 
proximal  end.  The  apparent  extension  of  this  face  over  the  anterior  border 
probably  represents  no  more  than  a  cartilage  covered  surface.  The  anterior 
articular  face  is  concave  transversely  and  convex  in  the  direction  normal  tp  the 
plane  of  the  distal  end.  The  posterior  face  is  convex  transversely  and  concave 
in  the  direction  normal  to  the  plane  of  the  end. 

To  this  species  the  writer  is  inclined  to  refer  tentatively  a  small  specimen 
(no.  11229;  fig.  152)  representing  a  portion  of  the  epipodial  and  mesopodial  re- 
gion of  a  limb,  accompanied  by  a  number  of  rather  slender  ribs.  The  epipodial 
elements  appear  to  be  less  constricted  than  in  Cymbospondylus  petrinus.  and 
have  much  the  same  form  as  Mixosaurus  cornalianus.  The  element  which  ap- 
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pears  to  represent  the  radius  was  evidently  not  deeply  concave  anteriorly,  and 
the  ulna  was  possibly, not  constricted  medially. 

The  elements  of  the  mesopodial  region  are  angular  instead  of  rounded. 
There  are  in  the  proximal  row  three  elements  closely  resembling  the  radiale, 
intermedium  and  ulnare  of  Mixosaurus.  Behind  the  ulnare  there  is  a  portion 
of  a  third  element  which  may  represent  the  pisiform  of  Mixosaurus.  Articu- 
lating with  the  ulnare  there  are  two  elements  in  the  distal  row  of  the  carpus. 
The  anterior  of  these  two  shows  a  small  contact  with  the  intermedium.  The 
distal  end  of  the  intermedium  is  not  complete. 

With  this  species  there  may  also  be  placed  tentatively  several  series  of  caudal 
vertebrae  representing  a  primitive  type  of  caudal  fin.  One  of  these  specimens 
(no.  10624;  see  pi.  10,  fig.  1)  is  a  part  of  an  individual  somewhat  larger  than 
that  represented  by  the  humerus  standing  as  the  type  of  this  species.  Other 
specimens  showing  much  the  same  type  of  caudal  vertebrae  as  those  in  no. 
10624  belong  to  smaller  individuals. 

The  vertebral  centra  in  the  caudal  series  mentioned  above  are  high  and  nar- 
row. They  vary  somewhat  in  anteroposterior  diameter  in  different  specimens. 
On  specimen  10624  well  marked  diapophyses  are  present.  The  anterior  and 
posterior  articular  faces  are  not  well  shown,  but  as  nearly  as  can  be  determined 
they  are  not  deeply  concave  from  the  margins  inward,  but  are  probably  of  the 
form  seen  in  the  caudals  of  Cymbospondylus  petrinus  (pi.  9,  fig.  8&). 

The  upper  arches  are  greatly  elongated,  the  height  amounting  to  more  than 
two  and  one-half  times  that  of  the  centrum  in  one  case.  Though  much  elon- 
gated the  neural  arches  are  not  greatly  compressed  laterally.  Zygapophysial 
notches  are  noticeable  particularly  on  the  posterior  margins  of  these  arches. 

The  lower  arches  are  also  very  long,  their  length  almost  equaling  that  of  the 
neiiral  arches.  Their  attachment  to  the  centra  cannot  be  clearly  made  out  in 
e\Tery  case.  In  one  instance  a  suture  between  an  articular  head  of  a  lower  arch 
and  the  centrum  can  be  clearly  seen.  In  other  cases  the  lower  arches  may  pos- 
sibly be  fused  with  the  centra,  as  in  the  mosasaurian  genus  Clidastes. 

ICHTHYOSAURUS  Koenig. 

Single  articulation  of  presacral  ribs  found  only  in  the  posterior  dorsal  re- 
gion. Hypocentral  elements  of  caudal  region  not  meeting  to  form  Y-shaped 
arches.  Distal  region  of  caudal  series  sharply  decurved.  Lateral  zygapophy- 
sial  faces  united  to  form  single  anterior  and  posterior  facets.  Scapula  narrow 
distally.  Pelvic  elements  much  reduced.  Epipodial  elements  short,  rarely  sep- 
arated by  a  cleft.  Phalangeal  elements  short,  with  angulated  or  rounded  mar- 
gins. Maxillary  relatively  short  compared  with  the  premaxillary.  Orbits  very 
large.  Postorbital  bar  narrow.  Teeth  numerous,  isodont,  situated  in  open 
grooves. 
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Several  of  the  Triassic  ichthyosaurian  forms  which  are  represented  by  frag- 
mentary material  seem  to  stand  nearer  to  Ichthyosaurus  than  to  any  of  the 
typical  Triassic  genera,  and  may  be  referred  tentatively  to  that  genus.  It  is 
not  improbable  that  some  of  these  when  represented  by  better  material  may 
be  shown  to  be  generically  distinct  from  Ichthyosaurus.  On  the  other  hand  it 
is  to  be  presumed  that  Ichthyosaurus  was  in  existence  in  late  Triassic  time,  and 
there  appears  to  be  no  reason  why  it  should  not  be  represented  in  the  forma- 
tions of  that  period  in  Europe  where  it  was  so  abundant  in  the  early  Jurassic. 

ICHTHYOSAURUS  CARINATUS  Sauvage. 
Ichthyosaurus  carinatus  Sauvage,  Ann.  Sc.  Geol.,  t.  7,  art.  6,  1876. 

Prom  the  Rhaetic  of  the  vicinity  of  Autun,  France. 

According  to  Sauvage  this  species  is  large,  and  is  characterized  by  the  flat- 
tening of  the  centrum  and  the  carina  of  the  inferior  face  of  the  centrum  in  the 
middle  dorsal  region.  The  anterior  dorsal  centra  are  oval ;  the  articular  faces 
are  deeply  concave;  the  diapophyses  and  parapophyses  are  widely  separated. 

MEASUREMENTS  OP  AN  ANTERIOR  DORSAL  CENTRUM. 

Anteroposterior  diameter  of  centrum  60  mm. 

Height  of  centrum  160 

Width  of  centrum 145 

Length,  100 ;  height,  26C ;  width,  242. 

MEASUREMENTS  OP  A  MIDDLE  DORSAL  CENTRUM. 

Anteroposterior  diameter  of  centrum  57  mm. 

Height  of  centrum  •  168 

Width  of  centrum  •  173 

Length,  100 ;  height,  295 ;  width,  303. 

The  specimens  figured  by  Sauvage  (1883,  pi.  8)  seem  to  represent  a  form 
which  is  generically  closely  allied  if  not  identical  with  Ichthyosaurus. 


ICHTHYOSAURUS  (?)  RHETICUS  Sauvagp. 

Ichthyosaurus  rheticus  Sauvage,  Ann.  Sc.  Geol.,  t.  7,  art.  6. 

Kachitrema  pellati  Sauvage,  Ann.  Sc.  Geol.,  t.  14,  art.  3,  p.  5;  and  Bull.  Soc.  D'Hist. 
Nat.  D 'Autun,  t.  16,  p.  315. 

From  the  Rhaetic  of  the  vicinity  of  Autun,  France. 

This  is  a  large  species  in  which  the  centra  of  the  dorsal  vertebra  are  much 
higher  than  long  (anteroposterior  diameter  or  length,  100;  height,  234;  width, 
243).  The  centra  are  strongly  biconcave,  the  concavity  commencing  at  the 
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margin.    There  is  no  ridge  on  the  inferior  face  of  the  centra.    The  diapophy- 

ses  and  parapophyses  are  large  and  are  nearly  in  contact  on  the  specimens 

described. 

Of  this  species  there  was  originally  described  a  small  amount  of  material 

representing  vertebrae,  ribs,  a  portion  of  a  scapula,  and  a  femur.  Other  ma- 
terial originally  described  under  the  name  Ifacln't  irnm  />t'll(i/i 
has  recently  been  referred  by  San  va  go  (1903)  to/.  (?)  rhcti- 
citH.  Von  Huene  (1902,  p.  71)  has  suggested  that  liachi- 
trema  is  an  ichthyosaurian  rather  than  a  dinosaur. 

The  material  which  has  been  referred  to  /.(?)  rltetiens 
and  to  RacMtrema  pellati  by  Sauvage,  and  was  figured  by 
him  (1883),  appears  to  represent  an  iehthyosaurian  having 
its  closest  affinities  with  the  Ichthyosaurinae.  The  vertebra 
of  /.(  ?)  rheticus  figured  by  Sauvage  (1883,  pi.  8,  fig.  4o)  evi- 
dently represents  a  middle  dorsal  in  which  the  diapophyses 
are  almost  in  contact  with  the  large  parapophyses  (fig.  154). 
In  no  representative  of  the  shastasaurine  group  are  parapo- 
154.  ichthyoxau-  phvses  known  behind  the  region  in  which  the  diapophysial 

nw(?)  ructions.    Sao-  '  J     . 

vage.    Outline,  side   articular  races  become  separated  irom  the   neurapophysial 

sal™'  vertebral  e  cen- 
trum, 

duced. 


from 


rp- 

(A  A  a  pt  e  d 


faces.    The  upper  arch  referred  to  RacMtrema  jtrllut  i  is  how- 
ever  somewhat  more  primitive  in  its  characters  than  the  cor- 


responding  arches  of  the  Jurassic  ichthyosaurs. 


ICHTHYOSAURUS  (?)  HECTORI  Lydekker. 

Ichthyosaurus  aitstralis  Hector,  Trans.  New  Zealand  Inst.,  vol.  (5,  p.  .'{;">. 
Ichthyosaurus  lectori  Lydekker,  Catlg:.  Foss.  Kept.  Brit.  Mus.,  pt.  2,  p.  ll:i. 

In  the  collections  of  fossil  reptilia  of  New  Zealand  examined  by  Hector,  the 
genus  Ichthyosaurus  was  represented  by  a  single  vertebral  centrum,  in  a  mica- 
ceous sandstone  from  the  rocks  of  Mount  Potts,  in  the  Rangitata  district  of  the 
province  of  Canterbury.  The  beds  were  said  to  be  identical  with  strata  that 
in  other  parts  of  the  colony  were  considered  to  be  Triassic. 

The  name  /.  australis,  which  Hector  first  used  for  this  form,  having  been 
used  for  a  Cretaceous  species  from  Australia,  Lydekker  named  the  species 
after  Hector. 

So  little  is  known  of  this  form  that  no  suggestion  regarding  its  affinities 
can  be  made. 

ICHTHYOSAURUS,  sp. 

To  this  genus  there  have  been  referred  a  number  of  ichthyosaurian  remains 
obtained  in  Rhaetic  beds  at  Aust  Cliff  near  Bristol,  England.  This  material 


M KIM? I  AM:  TKTASSIC  ICHTHYOSAUBIA.  If,:, 

was  referred  to  Ic'litlii/oxmn-iifi  by  Phillips  (3871).  Lydekkor  (1889)  suggested 
the  resemblance  oi'  a  tootli  from  this  locality  to  the  type  of  /.  loucln'odon.  Yon 
Huene  (1902)  mentions  numerous  vertebrae,  and  a  lar^e  snout  fragment  of  the 
size  of  /.  }>l<tlt/od(>n  and  I riijon<xlo)i  from  the  beds  at  Aust  Cliff. 


Date  of  issue: 

Se]>t<'Hibcr  30,  1908. 


ERRATA. 

Page  7.  Baur's  Article  2,  1887,  appears  to  antedate  Article  1.  See  also  p.  10,  paragraph  4; 
p.  76,  paragraph  2,  line  7;  p.  82,  paragraph  5;  p.  94,  Mixosaurus  literature, 
Baur;  p.  95,  M.  cornalianus,  Baur  reference;  p.  99,  paragraph  4. 

Page  23.     Paragraph  3,  line  12,  for  "about  38."  read  "over  80." 
Page  93.     Paragraph  5,  line  1,  after  fourth  word  insert  "the." 


PLATE  1. 


ERRATA. 

Page  7.  Baur's  Article  2,  1887,  appears  to  antedate  Article  1.  See  also  p.  10,  paragraph  4; 
p.  76,  paragraph  2,  line  7;  p.  82,  paragraph  5;  p.  94,  Mixosauriis  literature, 
Baur;  p.  95,  M.  cornalianus,  Baur  reference;  p.  99,  paragraph  4. 

Page  23.     Paragraph  3,  line  12,  for  "about  38."  read  "over  80." 

Pas-e  93.     Paraarrat>h  5.  line  1.  after  fourth  word  insert  "the." 

Page     7.     Praas,  1891,  for  " Suddeutchen "  read  " Siiddeutschen ;  for  "and"  read  und;  Fraas, 

1896,  for  "Schwabische"  read  Schwabische. 
Page     8.     For  "Myer"  read  Meyer.     Under  Yakowlew,  1902  (2)  for  "Triassichen"  read  Triass- 

ische. 

Page  10.  Paragraph  2,  line  1,  for  "1873"  read  1876;  line  3,  for  "1876"  read  1883;  paragraph 

4,  line  2,  for  "1877"  read  1887. 

Page  13.  Line  1,  for  "Rhordorf "  read  Rohrdorf. 

Page  14.  Paragraph  2,  line  3,  for  "rhaeticus"  read  rJteticus. 

Page  17.  Last  line  of  footnote,  after  "Publ,"read  Geol. 

Page  19.  Last  line  of  text,  for  "cephala pods"  read  cephalopods. 

Page  26.  Legend  of  figure  8,  for  "  Merriami"  read  Merriamia. 

Page  29.  Paragraph  3,  line  10,  for  "vertebrate"  read  vertebrae. 

Page  32.  Paragraph  1,  line  7,  for  "fig.  134"  read  fig.  136. 

Page  34.  Legend  of  figure  33,  for  "atispinus"  read  altispiiuis. 

Page  80.  Paragraph  1,  last  line,  and  third  footnote,  for  "Jackel"  read  Jaekel. 

Page  90.  Mixosaurus(  1)  atavus  literature,  line  3,  for  "  Siideutschen  "  read  Siiddeutschen  :  line  4, 

for  "and"  read  und. 

Page  103.  Cymbospondylus  literature,  line  3,  after  "Publ. "  read  Geol. 

Page  104.  Cymbospondylus  petrinus  literature,  line  3,  after  "Publ."  read  Geol. 

Page  123.  Cymbospondylm  piscosus  literature,  line  2,  after  ' '  Publ. ' '  read  Geol. 
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PLATE  1. 


EXPLANATION  OF  PLATE  1. 

Fig.  1.  Exposure  of  Middle  Trias.sk'  limestones  on  the  south  fork  of  American  Canon,  West 
Humboldt  Range,  Nevada.  Limestones  extending  from  Saurian  Hill  (8)  to  the  end  of  the  ridge 
beyond  Fossil  Hill  (F). 

Fig.  2.  Exposures  of  Upper  Triassic,  Hosselkus  Limestone,  on  Brock  Mountain,  Shasta 
County,  California.  The  massive  upper  limestones  are  conspicuously  pinnacled.  The  more 
shaly  beds  of  the  lower  horizon  are  less  conspicuous,  and  are  largely  covered  with  thick  brush. 

Fig.  3.  Detail  from  fig.  2  showing  the  contorted  shaly  limestones  of  the  lower  hori/on  from 
their  upper  contact  down  almost  to  the  Pit  Shale. 
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PLATE  2. 


EXPLANATION  OP  PLATE  2. 

Cymbospondylus  petrinus  Leidy. 
Lateral  view  of  skull,  no.  9950,  X  1/5- 
From  the  Middle  Triassic  of  West  Humboklt  Range,  Nevada. 

LEGEND. 

Pm,  premaxillary.  Or,  orbit. 

M,  maxillary.  Sq,  sqtiamosal. 

N,  nasal.  St,  supratemporal. 

L,  lachrymal.  Q,  quadrate. 

F,  frontal.  Qj,  quadratojugal. 

Pn,  pineal  foramen.  At;  articular. 

Pr,  parietal.  8a,  surangular. 

Pf,  prefrontal  and  postfrontal.  An,  angular. 

Pto,  postorbital.  D,  dentary. 

J,  jugal.  Sp,  splenial. 
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PLATE  3. 


EXPLANATION  OF  PLATE  3. 


Cymbospondylus  ixd-hms  Lcidy. 

Superior  view  of  skull,  no.  9950.  X  %• 

From  the  Middle  Triassic  of  West  Huniboldt  Range,  Nevada. 

LEGEND. 

Pm,  premaxillary.  St,  supratemporal. 

M,  maxillary.  Qj,  quadratojugal. 

N,  nasal.  Q.f.,  <iuadrate  foramen. 

L,  lachrymal.  Q,  (|iiadratc. 

Or,  orbit.  tio,  supraoccipital. 

F,  frontal.  Bo,  basioccipital. 

Pn,  pineal  foramen.  Ft,  pterygoid. 

Pr,  parietal.  Ar,  articular. 

Pf,  prefrontal  and  postfrontal.  Sa,  surangular. 

Pto,  postorbital.  An,  angular. 

J,  jugal.  Cn,  coronoid. 

Sq,  squamosal.  Pt,  pteryyoid. 
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PLATE  4. 


EXPLANATION  OF  PLATE  4. 

Cymbospondylus  /xlrinii.t  Leidy. 

Inferior  view  of  skull,  no.  9950,  X  Vr>- 

From  the  Middle  Triassic  of  West  Hmnboldt  Iian.uv,  Nevada. 

LEGEND. 

D,  dentary.  //,  hyoid. 

Sp,  splenial.  Bs,  basisphenoid. 

Sa,  surangular.  Bo,  basioccipital. 

A,  angular.  Q,  quadrate. 

V,  prevomer?  (J,j,  (|uadrato.jugal. 

Pi,  palatine.  J,  ju.ua I. 

Pt,  pterygoid.  Or,  orbit. 

X,  ectopterygoid ?  1'f,  prefrontal  and  po.stf'rontal. 
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PLATE  5. 


EXPLANATION  OF  PLATE  .".. 


Cymbospondylus  prlriinix  Leidy. 
From  the  Middle  Triassic  of  West  Ilumboldt  Range,  Nevada. 

Fig.  1.     Posterior  view  of  skull,  no.  9950,  X  %• 


Pr,  parietal. 

Sq,  squamosal. 

»S7.  .supratemporal. 

Qj,  quadratojugal. 

Q,  quadrate. 

Q.f.,  quadrate  foramen. 

80,  supraoccipital. 

Lo,  lateral  occipital  (?). 

Fin,  basioccipital. 


LEGEND  FOR  GUIDE  PIGTTRE. 

8,  basisphenoid. 

Pi,  pterygoid. 

A',  indeterminate  (stapes?). 

Ar,  articular. 

8a,  surangular. 

An,  angular. 

8p,  splenial. 

Cn,  eoronoid. 


Fitr.  2.     Orbital   region  showing  complete  sclerotic  ring,  no.  9954,  X  Mi- 
Fig.  3.     Inner  side  of  posterior  end  of  left  ranms  of  the  mandible,  no.  9913,  X  Mi- 
A,  articular;  Cn,  eoronoid;  An,  angular;  //,  hyoid :  Q,  quadrate. 

Fig.  4.     Superior  view  of  right  articular,  no.  9913,  X  Vs- 
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PLATE  6. 


EXPLANATION  OF  PLATE  6. 

CymbospondiilnR  petriium  Leidy. 
From  the  Middle  Triassic  of  West  Humboldt  Ran«e,  Nevada. 

Figr.  1.     Lateral  view  of  cranium,  no.  9913,  about  J •%(><•  of  natural  size. 

Fifj.  2.     Anterior  view  of  cranium,  no.  9950,  a  little  less  than  %  of  natural  size. 
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PLATE  7. 


EXPLANATION  OP  PLATE  7. 

Fig.  1.  Cymbospondyltts  petrinus  Leidy.  Photograph  of  mounted  specimen,  no.  9950.  about 
VjG  of  natural  size.  Restoration  is  limited  to  the  distal  portion  of  some  of  the  ribs.  Prom  the 
Middle  Triassic  of  West  Humboldt  Range,  Nevada. 

Fig.  2.  Delphinosaurus  perrini  Merriam.  Type  specimen,  no.  9119,  a  little  less  than  %  of 
natural  size.  From  the  Upper  Triassic  of  Shasta  County,  California. 

Pig.  3.  Delpliinosaurus  perrini  Merriam.  Specimen  10998.  About  Vio  of  natural  size.  Prom 
the  Upper  Triassie  of  Shasta  County,  California. 
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/'/•.T/.'/.Vr.s'  Leidy. 


FIG.  3.—nKLPHINOSAURVfl  PEESINI  Merriam. 


PLATE  8. 


EXPLANATION  OF  PLATE  8. 


Cymbospondylus  ttilrlinm  Leidy. 

From  the  Middle  Tria.ssic  of  West  Iluniholclt  Range.  Nevachi. 
All  figures  four-nintlis  oF  natural  si/e. 

Fig.  la-Id.    Atlas  and  axis.  no.  9943. 

In,  axis,  inferior  view,  anterior  face  to  right. 
ll>.  atlas,  anterior  view. 

Ir,  atlas,  superior  view,  anterior  face  to  right. 
Id,  atlas,  lateral  view,  anterior  face  to  left. 

Fig.  2.  Atlas  and  axis.  no.  9154,  superior  view. 

Fig.  3.  Atlas  and  axis,  no.  9913,  inferior  view. 

Fig.  4.  Upper  arch  of  cervical  vertebra,  no.  9943,  anterior  view. 

Fig.  5.  Atlas,  lateral  view,  no.  9913,  anterior  face  to  right. 

Fig.  6.  Axis,  lateral  view,  no.  9950. 

Fig.  7fl-7c.     Third  cervical,  no.  9950. 

la,  lateral  view;  Ib,  anterior  view;  7r,  upper  arch. 

Fig.  8.     Fifth  cervical,  no.  9950. 
Fig.  9.     Sixth  cervical,  no.  9950. 
Fig.  10.     Anterior  dorsal,  no.  9950. 
Fig.  11.     Middle  dorsal,  no.  9154. 
Fig.  12.     Middle  dorsal,  no.  8128. 
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PLATE  9. 


EXPLANATION  OP  PLATE  9. 

Cymbospondylus  /><  trimis  Leidy. 

From  the  Middle  Triassic  of  West  Huniboklt  Range.  Nevada. 
All  figures  four-ninths  of  natural  size. 

Fig.  1-     Posterior  dorsal  vertebra,  no.  9950. 
Fig.  2.     Posterior  dorsal  vertebra,  no.  8128. 

Fi»'.  3a  and  36.     Posterior  dorsal  vertebra,  no.  8128,  situated  .somewhat  farther  back  in  tin- 
series  than  the  centrum  represented  by  fig.  2. 
3a,  anterior  view;  36,  lateral  view. 

Fig.  4.  Anterior  caudal  vertebra,  no.  9947. 

Fig.  5.  Middle  caudal  vertebra,  anterior  to  bend  of  tail,  no.  9947. 

Fig.  6.  Middle  caudal  vertebra,  situated  at  the  anterior  end  of  caudal  flexure,  no.  9947. 

Fig.  7.  Posterior  caudal  vertebra,  situated  at  about  the  middle  of  the  caudal  flexure,  no.  9947. 

Fig.  Sa  and  86.     Posterior  caudal  vertebra,  situated  near  the  posterior  end  of  the  tail,  no.  9947. 
Sa,  lateral  view,  with  chevron ;  86,  anterior  view. 
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PLATE  10. 


EXPLANATION  OP  PLATE  10. 

All  specimens  from  the  Middle  Triassic  of  West  lluniboldt   Range,  Nevada. 

Fiji.  1.     CymbospondylusC1.)    ntilnns,  u.  sp.       Vertebrae  from  middle  region  of  caudal   fin. 
no.  10624.  X  V--. 

Figs.  2a  and  2b.     Cymbospondylus  /><•! runts  Leidy.  anterior  caudal  centrum,  no.  8120,  X  %• 
'la,  lateral  view.    2b,  inferior  view. 

Figs.  3-7.     Cymbospondylus  petrinus  Leidy.    Ribs,  no.  9950,  X  %• 

3.  Anterior  cervical  rib. 

4.  Posterior  cervical  rib. 

5.  Anterior  dorsal  rib. 

6.  Middle  dorsal  rib. 

7.  Caudal  rib. 

Fig.  8.     Cymbospondylus  petrinus  Leidy.    Abdominal  ribs,  no.  9154,  about  ^  of  natural  sixe. 


[170] 


MK.MOIIJX  I'NIV.  ('AUK..  VOL.  1,  NO.  1 


[MERRIAM]    1'LATK  U) 


v. 


2b 


8 


PLATE  11. 


EXPLANATION  OF  I'LATE  11. 

Cymbospondylus  petrimis  Leidy. 

Anterior  limb  and  arch,  X  %• 
From  the  Middle  Triassic  of  West  Ihnntioldt  Ran^e.  Nevada. 

ig.  1.     No.  9154.     CJ.  rijjlit  clavicle. 


Fi<r.  2.     No.  9950.     Left  side:  Sc,  scapula  ;  Co,  coracoid  ;    //,  liuinerus:   h'.  radius;    U,  ulna  ; 
Cur,  carpals. 
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PLATE  12. 


EXPLANATION  OF  PLATE  12. 

Cymbospondylus  petriinut  Leidy. 

Posterior  limb  and  arch  elements,  no.  9947.    From  the  Middle  Triassic 
of  West  Hmnboldt  Range.  Nevada. 
All  figures  one-third  of  natural  size. 

Fig.  1.  Right  ?  ilium,  posterior  side. 

Fig.  2.  Left  ?  pubis,  superior  side. 

Fig.  3.  Left  1  ischium,  superior  side. 

Fig.  4.  Right  "?  ilium,  inner  side. 

Fig.  5.  Left  1  posterior  limb.    F,  femur ;  T,  tibia  ;  Fb,  fibula  ;  Trs,  tarsals. 
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EXPLANATION  OF  PLATE  13. 

Figs,  la  and  16.     Cymbospondylus(l)  uutiuitt,  n.  sp.     Right  luimerus.    no.  9873.  X  1-    From 
the  Middle  Triassic,  West  Humboldt  Range,  Nevada. 

la,  superior  side;  11),  inferior  side. 

Fig.  2.     Cymbos-pondylus  nci'iuluintx,  n.  sp.     Tibia?     no.    10620,    X  %•     From   the   Middle 
Triassic,  New  Pass  Range,  Nevada. 

Fig.  3.     Cymbospondyliis  nevadanus,  n.  sp.     Fibula?,  no.   10620,    X  %•     From  the  Middle 
Triassic,  New  Pass  Range,  Nevada. 

Figs.  4a  and  46.     Cymbospondylua  nevadanus,  n.  sp.     Two  views  of  a  caudal  rib,  no.  10620, 
X  %•     From  the  Middle  Triassic,  New  Pass  Range,  Nevada. 
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PLATE  14. 


EXPLANATION  OF  PLATE  14. 

All  specimens  from  the  Upper  Triassic  of  Shasta  County,  California. 

Fig.  1.     DelpJiinosaurus  perrini  Merriam.     Right  anterior  limb,  no.  9082.  X  :/4- 
II,  humerus;  K,  radius;  U,  ulna. 

Fig.  2.     Delpliiiioxnunis  perrini  Merriam.      Left?  scapula,  no.  9082,  X  %. 

Fig.  3.     Delphinosaurus  perrini  Merriam.     Right  coracoid,  no.  9082,  X  %• 

Fig.  4.     ToretocHPmnit  calif ornicits  Merriam.  Anterior  caudal  vertebrae,  no.  8100.     Natur.-il 


size. 
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PLATE  15. 


EXPLANATION  OF  PLATE  1.'.. 

All  specimens  from  the  Upper  Triassic  of  Shasta  County,  California. 

Figs.  lo-li.  Shastasaurus  osmonti  Merriam.  no.  907fi.  X  Va-  Anterior  distal  angle  of  hu- 
merns,  posterior  distal  angle  of  ulna,  and  posterior  side  of  radiale,  restored  from  elements  of 
right  limb  of  this  specimen. 

la.  Superior  side  of  left  anterior  limb. 

H,  humerus ;  R,  radius ;  U,  ulna ;  El,  radiale. 
16.  Proximal  end  of  humerus  shown  in  fig.  \a. 

Figs.  2a  and  25.     Shastasaurus  carcyi  ( ?)  Merriam.    no.  9(114.  X  V:\- 
2a.  Superior  side  of  right  anterior  limb. 

II,  humerus ;  It,  radius. 
26.  Proximal  end  of  humerus  shown  in  fig.  2a. 

Fig.  3.     Shastasaurus  osmonti  Merriam.     Marginal  view  of  carpal  or  phalangeal   element. 
no.  9081,  X  Mi- 
Fig.  4.     Shastasaurus  nxmonti  Merriam.     Elements  of   a  transverse  row  of   ossicles  in  1he 
rnesopodial  or  metapodial  region  of  the  anterior  limb,  showing  reduction  of  the  posterior  ele- 
ment, no.  9081,  X  Mi- 
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PLATE  16. 


EXPLANATION  OF  PLATP]  16. 

Shastasaurus  osmonti  Merriain. 

From  the  Upper  Triassic  of  Shasta  County,  California.    * 
All  figures  one-third  of  natural  size. 

Fig.  1.  Superior  side  of  right  coracoid,  no.  9076. 

Fig.  2.  Superior  or  inner  side  of  right  scapula,  no.  9076. 

Fig.  3.  Ischium,  no.  9608. 

Fig.  4.  Ilium,  no.  9608. 

Fig.  5.  Pubis,  no.  9608. 

Fig.  6.     Posterior  limb,  no.  9608. 

F,  femur;  T,  tibia;  Fb,  fibula;  Trs,  tarsals. 
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PLATE  17. 


EXPLANATION  OF  PLATE  17. 

Fis;.   1.     Sfmstasayrus  osmonli  Merriam.     Posterior  dorsal,  pelvic  and  anterior  caudal  regions. 
with  elements  of  posterior  arch  and  limbs,  no.  9!i08,  about  '/r  <>f  natural  si/e. 

Fig.  2.     DelpJrinosaitrns  perriiii  Merriam.      Elements  of    posterior  arch  and  limbs,  no.  9119. 
i< 
ijr.  3.     Shastasaurus  pacificus  ilerriam.     Pubis  of  type  specimen,  about  -Jin  of  natural  si/e. 
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PLATE  18. 


EXPLANATION  OF  PLATE  18. 

All  specimens  from  the  I'pper  Triassic  of  Shasta  County,  California. 
All  figures  four-ninths  of  natural  size. 

Fig.  1.     Sliastasattnis  iiltispinus  Merriam.     Middle  dorsal  centnini.  no.  9083. 

Figs.  2a  and  26.     Sltastasaurns  altispinus  Merriam.     Neural  arch  of  dorsal  vertebra,  no.  9083. 
2a,  lateral  view ;  2b,  anterior  view. 

Figs.  3a  and  36.     Sliastasaurus  altispinus  Merriam.     Head  of  a  right  dorsal  rib,  no.  9083. 
3a,  articular  face;  35,  posterior  side. 

Fig.  4.     fHia.it(isaun(.i  altispinus  Merriam.      Klement  from  podial  region,  no.  9083. 

Figs.  oa,  56,  and  5c.     Shastasaurus  cnreyi  (?)  Men-lam.     Middle  dorsal  vertebra,  no.  9614. 
5a,  lateral  view  of  vertebra;  56,  top  of  nenral  spine;  5c,  anterior  view  of  neural  arch. 

Fig.  6.     Shastasaurus  careyi  ( ?)  Merriam.         Posterior  view  of  a  dorsal  rib,  no.  9614. 
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